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ABSTRACT
The biogenic amine octopamine is a versatile signalling molecule that 
acts in essential physiological functions in invertebrates. Its roles in 
neurotransmission, neurohormone regulation and neuromodulation are 
achieved through interactions with G-protein coupled receptors. Such 
invertebrate receptors are structurally and functionally analogous to vertebrate 
adrenergic receptors. A human brain p2 "adrenergic receptor cDNA clone was
used as a hybridization probe to identify a Drosophila gene encoding an 
octopamine/tyramine receptor. This 367 base pair fragment of Drosophila 
genomic DNA, homologous to the putative sixth and seventh transmembrane 
regions of adrenergic receptors, was used to isolate an octopamine/tyramine 
receptor 3.3 Kb cDNA clone from a Drosophila head cDNA library. A 2.2 Kb 
fragment of this cDNA encoding the octopamine/tyramine receptor protein was 
used as a hybridization probe to obtain several lambda clones containing 
Drosophila genomic DNA spanning this receptor’s gene.
This thesis presents experiments that address the structure of this gene.
It describes the subcloning and analysis of three specific genomic fragments. A
1.0 Kb EcoRI genomic DNA fragment and a 1.3 Kb Hindlll/EcoRI genomic DNA 
fragment were isolated from a Drosophila genomic phage (#1). A 3.4 Kb 
Hindlll/EcoRI genomic DNA fragment was also isolated from a Drosophila 
genomic phage (#1 0 ).
DNA sequence information from the 1.0 Kb genomic DNA fragment and 
the 1.3 Kb genomic DNA fragment that were subcloned show that they contain 
sequence that is homologous to the 5’ end of the 3.3 Kb protein coding region
cDNA relative to the restriction map of the genomic DNA. This has allowed the 
establishment of the 5’ to 3’ orientation of the transcript at this gene and also 
has allowed inferences as to the approximate location of the promoter and poly- 
A sites.
Analysis of restriction mapping and sequence data of the 1.0 Kb genomic 
DNA fragment and analysis of the 1.3 Kb genomic DNA fragment that are 
homologous to the 5’ end of the 2.2 Kb protein coding region cDNA of the 
octopamine/tyramine receptor also provided evidence for the existence of at 
least two introns in the 5’ coding region of this gene’s primary mRNA. The 3.4 
Kb genomic DNA fragment shows homology to the 2.2 Kb protein coding region 
of the 3.3 Kb cDNA of the octopamine/tyramine receptor gene in Southern blot 
analysis, but shows no sequence homology at either its 5’ or 3' ends. Thus it 
too may contain intronic sequence.
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INTRODUCTION
Biogenic amines that serve as extracellular messengers are synthesized 
by enzymatic modification of several amino acids including tyrosine, 
phenyalanine and histidine (Bray, 1990). They exist throughout the animal 
kingdom, and have been shown to function as neurohormones or 
neurotransmitters in many species (Gerschenfeld, 1973). Protozoa like 
Tetrahymena are sensitive to catecholamines and serotonin, indicating 
bioamines may have been used as signalling molecules since early in 
evolution (Csaba, 1980). In vertebrates and invertebrates bioamines elicit a 
multitude of effects on target cells, often producing completely opposite actions 
in a single cell type, depending on the conditions of their application (Dohlman 
et al., 1987).
Bioamines include the catecholamines, derived from the amino acid 
tyrosine, the indolamine, serotonin, derived from the amino acid tryptophan and 
histamine, an imidazole (Kandel et al., 1991). Catecholamine transmitters are 
dopamine, norepinephrine, and epinephrine (Kandel et al., 1991). In vertebrate 
systems, neurons use norepinephrine as a transmitter (Kandel et al., 1991). In 
the peripheral nervous system norepinephrine is a transmitter in the 
postganglionic neurons of the sympathetic nervous system. Some neurons in 
the brain are also thought to use epinephrine as a transmitter (Kandel et al., 
1991). Other naturally occurring amines derived from catecholamines are also 
thought to be transmitters include both dopamine and serotonin, which are 
present and function as transmitters in both vertebrates and invertebrates. 
Octopamine is most abundant in invertebrates and it has been proposed that
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octopamine is the invertebrate counterpart to norepinephrine (Robertson and 
Juorio, 1976).
Octopamine and tyramine are biogenic amines with widespread 
distribution in both vertebrate and invertebrate systems (Evans, 1980). In a 
variety of insect species, octopamine has been implicated in both central and 
peripheral neural function. In the firefly, it stimulates activity of the light organ 
(Nathanson, 1979). In locusts, it induces flight motor activity and acts as 
neurotransmitter modulator in the central nervous system (Sombati and Hoyle, 
1984). In cockroaches, octopamine regulates hormone release (Downer et al., 
1984). In crickets, it induces lipid and carbohydrate metabolism (Fields and 
Woodring, 1991). In bowflies and bees, it modulates feeding behavior (Long 
and Murdock, 1983; Bicker and Menzel, 1989; Braun and Bicker, 1992). Finally, 
both somatic and viceral muscles are stimulated by octopamine 
neurotransmission in several insect species (Hoyle et al., 1980). Physiological 
studies indicated that octopamine has excitatory modulatory actions at these 
muscles (Hoyle, 1984; Hidoh and Fukami, 1987; Malamud et al., 1988). In 
particular, electrophysiological studies suggested that octopamine effects the 
adult neuromuscular junction in Drosophila melanogaster (Dudai et al., 1987).
Most bioamine receptors are members of a large family of membrane 
proteins, the seven transmembrane domain receptors (Figure 1 a), and have 
been shown to be coupled to cytoplasmic G-proteins (Kaziro, 1991). Bioamines 
bind to an external domain of a receptor and activate an effector by way of a G- 
protein signal transduction process (Figure 1b). Since G-protein coupled 
receptors (GPCRs) play a major role in neurotransmission, neurohormone 
regulation, and neuromodulation, understanding the regulation of these GPCRs
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can provide insight into their structure and function. The multiplicity of receptor 
subtypes for a given biogenic amine transmitter and the diversity of the coupling 
intracellular effectors provide the basic elements behind their wide functional 
variety and specificity (O'Dowd et al., 1989; Strader et al., 1989; Strange, 1990; 
Dohlman et al., 1991).
During the last 15 years, intense examination of these receptors has 
allowed both an investigation on the evolutionary relationships between some 
of the members of the bioamine receptor family, as well as detailed information 
on their regulation, gene structure, and function. The genes for G-protein 
coupled receptors have been isolated several of cloning techniques, including: 
(1) isolation of the receptor protein followed by the screening of DNA libraries 
with corresponding antibodies or oligonucleotides deduced from the protein 
sequence, (2) cloning by heterologous expression in Xenopus oocytes, or (3) 
homology screening (Libert, 1989).
As neurohormonal G-protein coupled receptors, bioamine receptors 
bind specific ligands reversibly. When bound by a ligand, their interaction with 
an endomembrane protein capable of binding GTP and GDP (a G-protein) is 
altered (Kaziro, 1991). Many different subfamilies make up the large family of 
G-proteins (named this because they bind and hydrolyze GTP) and share 
sequence similarity with the bioamine receptors with which they interact 
(Bourne et al., 1990). The "large molecular weight” type G-protein involved in 
bioamine receptor coupling consists of three different subunits: a, p, and y 
(Brandon and Tooze, 1991), as shown in Figure 1b. The GTPase function is 
carried out by the a-subunit which is capable of dissociating from the p and y 
subunits. After dissociation, the a-subunit interacts with one of several effector
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proteins. Three minimal components must therefore make up the membrane 
transmission: the receptor, the G-protein and an effector molecule (Brandon 
and Tooze, 1991).
Catalytic activity in a cell can be modulated by effectors. These small 
molecules can bind at a site distant from the active site and still regulate 
enzyme activity. There are two types of effectors: activator molecules, which 
increase enzymatic activity, and inhibitor molecules, which decrease enzymatic 
activity. Effectors generally regulate enzymes by allosterically inducing a 
conformational change in their tertiary and/or quatrenary structure of an enzyme 
that is transmitted to the substrate-binding or catalytic site of the enzyme, 
causing a change in its activity (Lodish et al., 1995).
Drosophila melanogaster provides an excellent system for genetic and 
molecular analysis of neuroactive molecules and their receptors. Several labs 
(Arakawa et al., 1990; Saudou et al., 1990; Dohlman et al., 1987; Donnelly et 
al., 1989; Fargin et al., 1988) have used the known nucleotide sequence 
similarities among G-protein linked receptors to search for genes related to 
adrenergic receptor genes in Drosophila. Arakawa et al. (1990) screened a 
genomic library using a human brain p2-adrenergic receptor cDNA clone as a 
hybridization probe. Subsequently, a gene encoding a possible receptor was 
cloned from a Drosophila head cDNA library using a 367-base pair (bp) 
fragment of Drosophila genomic DNA identified by probing a Drosophila 
genomic library using a human brain p-adrenergic receptor cDNA clone 
(Arakawa et al., 1990). The nucleotide sequence of the clone contains 3336 bp 
and has a large open reading frame that encodes for a protein of 601 amino 
acids with a calculated molecular mass of 64.7 Kdaltons (Arakawa et al., 1990).
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Pharmacological studies in insects have provided evidence for existence 
of multiple subtypes of octopamine receptors (Evans, 1980, 1981, 1987; Evans 
et al., 1988). The cloned receptor may be one of these or a novel type, as it 
appears to be an octopamine/tyramine receptor having a high degree of amino 
acid sequence homology with the a2A and a2B adrenergic receptors (Arakawa 
et al., 1990). Mammalian cells transfected with the cloned receptor displayed 
high affinity binding sites for [3 H]yohimbine, an a2-adrenergic receptor
antagonist. [3 H]yohimbine binding could be inhibited most effectively by the 
putative Drosophila neurotransmitters, octopamine and tyramine (Saudou et al., 
1990). Since this octopamine/tyramine receptor is selectively blocked by a- 
adrenergic antagonists, there has been speculation that it is not only 
structurally, but also functionally related to vertebrate adrenergic receptors 
(Saudou et a!., 1990; Arakawa et al., 1990).
With the ultimate aim of investigating the regulation of this 
octopamine/tyramine receptor, part of the cloned 3.3 Kb Drosophila cDNA has 
been used to clone Drosophila genomic sequences spanning this gene 
(Chase, unpublished). More specifically, a 2.2 Kb cDNA fragment containing 
the large open reading frame that encodes this octopamine/tyramine receptor 
was used to isolate the three lambda phage clones whose DNA restriction 
maps are described in Figure 2 .
This thesis describes the subcloning and analysis of restriction fragments 
of these phage. The subclones were restriction mapped further and partially 
sequenced. Data from these analyses has led to a further understanding of this 
gene’s transcriptional structure, including the relative 5’ to 3’ orientation of the
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cloned 3.3 Kb cDNA to the genomic DNA, the presence of at least two introns, 
and the approximate location of the promoter and poly-A addition sites.
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Figure 1. (a) Schematic diagram of the arrangement of the seven 
transmembrane helices of a G-protein coupled receptor, (b) G-protein-mediated 
activation of adenylate cyclase by bioamine binding. Bioamine binding on the 
extracellular side of a receptor such as the 6 -adrenergic activates a G-protein on 
the cytoplasmic side of the membrane. The activated form of the G-protein (a 
subunit with bound GTP) dissociates from the (3 and y subunits and activates 
adenylate cyclase to produce cyclic AMP, which is a second messenger that 












Figure 2. Restriction map of three Drosophila genomic clones that have 










































MATERIALS AND METHODS 
LAMBDA GENOMIC CLONES 
Titering Lambda Phage Stocks
The Charon 4A Vector lambda phage stocks of genomic clones #1, #8 , 
and # 1 0  that span the genomic region for the octopamine/tyramine receptor 
gene, were titered as described in Sambrook, et al. (1989). Host bacteria were 
prepared by inoculation of 50 ml of LB (Luria-Bertani) medium [10 g tryptone, 5 
g yeast extract, 5 g NaCI, per 1000 ml distilled H2 O (dH2 0 ), pH 7.0] containing 
0.2% maltose with a single bacterial colony of E. coli strain K802. The cells 
were grown overnight in a 37°C shaking water bath. The cells were centrifuged 
at 4 ,0 0 0 g for 1 0  minutes at 4°C. The supernatant was discarded, and the cells 
were resuspended in 40% of their original volume in sterile 0.01 M MgS0 4  by 
vortexing. The cells were stored at 4°C for up to 1 week.
Ten-fold serial dilutions of the phage stocks were prepared in sterile SM 
(Salt-Magnesium) (50 mM Tris HCI, pH 7.5, 100 mM NaCI, 8  mM MgS04,
0.01% gelatin). One hundred pi of each dilution were added to 20 pi of host 
bacteria in 1.5 ml microcentrifuge tubes. The tube contents were mixed and 
incubated for 2 0  minutes at 37°C, added to 5 ml of molten (47°C) top agar 
(0.75% agar in LB medium) and mixed, and then immediately poured onto LB 
agar 1.5% plates and swirled to evenly distribute the bacteria and top agar.
After the top agar solidified at room temperature for 5 minutes, the plates were 
inverted and incubated at 37°C. Plaques were counted after 12-16 hours.
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Preparation of Plate Lysate Stocks
Preparation of the plate lysate stocks of lambda phage were prepared 
basically as described in Sambrook, et al. (1989). Twenty pi of host bacteria 
were mixed with 105  plaque forming units (pfu) of bacteriophage. Five ml of 
molten (47°C) top agar was added and mixed. The entire contents of the tube 
was poured onto an LB agar plate. After the top agar solidified, the plates were 
placed upright in a moist chamber in a 37°C incubator for 6 - 8  hours, until lysis 
had just occurred. After removal of the plates from the incubator, they were 
chilled and 5 ml of chloroform-saturated SM was added per plate. The plates 
were stored at 4°C for at least 3 hours while gently shaking. The SM was 
removed with a sterile pasteur pipette and placed in a polypropylene tube. One 
hundred ml of fresh SM was added to the plates, and the plates were placed in 
a tilted position for 15 minutes to allow for the excess SM to drain to one 
position. The SM was removed and combined with the first harvest. One 
hundred pi of chloroform was added to the pooled SM, vortexed, and 
centrifuged at 4,000g for 10 minutes at 4°C. The supernatants were decanted 
to clean sterile bottles, one drop of chloroform was added, and they were stored 
at 4°C. The bacteriophage lysates were titered as described above.
Phage DNA Minipreps from High Titer Stocks
Lambda phage DNA was isolated using a modified method based on 
that of Manfioletti and Schneider (1988).
Briefly, 30 ml of a 50% anion exchange resin [TEAE (Triethylaminoethyl) 
Cellulose] slurry (in TE (Tris-disodium ethylenediaminetetraacetate)/0.01% 
NaN3 ) was placed into a 50 mi Falcon tube and pelleted by bringing it up to
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speed (~1 ,0 0 0 g) in a Hermle centrifuge for 30 seconds. The supernatent 
TE/NaN3  was decanted and discarded. The resin was equilibrated with LB by 
topping the tube off with LB, inverting to mix, repelleting and discarding the 
supernatent
After the high titer phage stock was warmed to room temperature, 30 pi of 
DNase I (20 mg/ml) was added to 30 ml of it and incubated for 15 minutes. After 
incubation, 150 pi of gelatin (10 mg/ ml) was added and mixed. The debris from 
the mixture was pelleted at top speed (~2650g) in the Hermle for 5 minutes.
The supernatant was transfered to the Falcon tube with the TEAE cellulose 
resin and was mixed by inversion gently for 1 0  minutes.
The mixture was spun at ~2,650g for 5 minutes in the Hermle. The 
supernatant was decanted, the mixture was pelleted, and supernatant decanted 
again to rid the solution of most of the TEAE cellulose. The supernatant was 
filtered through a Whatman # 1 filter paper, and transfered to two corex tubes, 
approximately 15 ml each.
To each tube, 625 pi of 0.5 M EDTA (pH 8.0), and 75 p! of Proteinase K 
(10 mg/ml) was added and incubated for 2 0  minutes at 45°C. Two hundred
and sixty five pi of 5% CTAB (in 0.5 M NaCI) was added, the tubes incubated at 
65°C for 10 minutes and then placed on ice for 10 minutes. The DNA was 
pelleted by centrifugation at 10,000g in a Sorvall HB4 rotor for 20 minutes at 
4°C.
The supernatant was decanted by drawing it off with a pipette. The DNA 
pellet was dissolved in 400 pi of 0.3 M Na acetate, transfered to a 1.5 ml 
eppendorf tube and DNA reprecipitated by adding 1 ml of 100 % ethanol. The 
tube was spun at 1 2 ,0 0 0 g in a microfuge for 1 0  minutes, the supernatant was
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decanted and discarded. The pellet was rinsed with 70 % ethanol and spun 
down again. The ethanol was drawn off and the DNA pellet was allowed to air 
dry. The dried pellet was resuspended in 200 jil of TE [ 10 mM Tris-HCI (pH 
7.5), 1 mM EDTA].
SUBCLONING FROM GENOMIC CLONES 
Isolation of DNA from Agarose Gels
Electroelution
Electroelution of DNA fragments from agarose gels was performed as 
described in Ausubel et al. (1992). After DNA from the lambda genomic clones 
was digested with EcoRI and Hindlll, the fragments were separated on a 1.0% 
agarose gef at 30 Volts for 14 hours in 1X TPE (0.9 M Tris-phosphate, 0.002 M 
EDTA) containing ethidium bromide. The 0.9, 1.0, 1.3, 1.4, 3.4, 4.2, 6 .8 , 8.9 Kb 
Hind lll/EcoR I fragments from the Hind III/EcoR I double digests were excised 
under long wave UV light and placed in dialysis tubing (pre-rinsed in 1X TPE). 
The dialysis tubing was filled with 500 pi 1 X TPE, sealed with closures, and 
placed back into the electrophoresis chamber containing 1 X TPE. The DNA 
fragments were electroeluted from the gel slices at 2 volts/cm for 4 hr. After 
eiectroelution, the polarity of the electrodes was reversed for 30 seconds at 100 
volts to dislodge the DNA from the tubing wall. The eluted DNA was collected 
and placed into 1.5 ml microcentrifuge tubes. The tubing was rinsed with 200 jil 
1X TPE and combined with the eluted DNA. The samples were extracted with 
phenol:chloroform:isoamyl alcohol (25:24:1), ethanol/sodium acetate 
precipitated, washed in 70% ethanol, air dried, and resuspended in TE.
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GenElute-— Aaarose Spin Columns
As an alternative approach to isolate DNA fragments for subcloning, 
GeneElute columns were used as follows. The GenElute spin column (Superko, 
Inc.) was washed by adding 100 jil of TE to the spin column. The spin column 
was placed on top of an Eppendorf tube and centrifuged for 5 seconds at 
maximum speed (12,000g) in a micrccentrifuge. The TE was discarded from 
the Eppendorf tube. An agarose gel slice containing the DNA band of interest 
was placed in the spin column. The spin column was placed on the Eppendorf 
tube and centrifuged for 1 0  minutes at maximum speed in a microcentrifuge.
The recovered DNA solution was extracted with phenol:chloroform:isoamyl 
alcohol (25:24:1), ethanol/sodium acetate precipitated, washed in 70% ethanol, 
air dried, and resuspended in TE.
Characteristics of Vectors used for Subcloning
Bluescript SK+ Phaaemid
The Bluescript SK+ phagemid (Figure 3) is a 2958 basepair phagemid 
derived from pUC19. The SK designation indicates the polylinker is oriented 
such that lacZ transcription proceeds from Sac I to Kpn I. The phagemid 
contains a f 1 (+) filamentous phage origin of replication allowing recovery of the 
sense strand of the lacZ gene when a host strain containing the Bluescript 
phagemid is co-infected with helper phage. It also contains a ColE1 plasmid 
origin of replication used in the absence of helper phage. Bluescript contains a 
portion of the lacZ gene that provides a-complementation for blue/white color 
selection of recombinant phagemids. An inducible lac promoter upstream from 
the lacZ  gene permits fusion protein expression with the p-galactosidase gene
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product. Bluescript also contains a multiple cloning site flanked by T3 and T7 
promoters and has an ampicillin resistance gene for antibiotic selection of the 
phagemid vector. 
pMOB Plasmid
pMOB (Figure 4) is a 1811 basepair high copy plasmid vector that 
contains a multiple cloning region and facilitates DNA sequencing by random 
transposon insertion. Nearly all of the vector DNA is required for the plasmid to 
replicate and in addition to the ori, it has only a ampicillin resistance gene. 
Since pMOB does not have a p-galactosidase gene, no blue/white selection 
can be performed.
Dephosphorylation of Plasmid DNA prior to Subcloning
Linearization and dephosphorylation of plasmid DNA essentially 
followed the protocol in Sambrook et al. (1989). The phagemid pSK+
Bluescript (10 jag) (Stratagene) was linearized by digestion with the restriction 
enzyme EcoRI. The linearized phagemid was extracted with 
phenol:chloroform:isoamyl alcohol, ethanol/sodium acetate precipitated, 
washed in 70% ethanol, air dried, and resuspended in 30 pi of TE. 1 pi of CIP 
(1 unit/1 OOpmoles) (Calf intestinal alkaline phosphatase) and 4 pi of 10X CIP 
dephosphoylation buffer [1 0 mM ZnCl2 , 1 0 mM MgCl2 , 1 0 0  mM Tris-CI (pH 8.3)]
was added to the of linearized pBluescript SK+ phagemid in TE. The reaction 
was incubated for 1 hour at 37°C. At the end of the incubation period, 1.75 pi of 
SDS and 0.35 pi of EDTA (pH 8.0) were added to final concentrations of 0.5% 
and 5mM, respectively, and mixed well. 0.35 pi of Proteinase K was added to a 
final concentration of 100 pg/ml. The mixture was incubated for 30 minutes at
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56°C. The reaction was cooled to room temperature and extracted once with 
phenol:chIoroform:isoamyl alcohol. The dephosphorylated linear DNA was 
ethanol/sodium acetate precipitated, washed in 70% ethanol, air dried, and 
resuspended in 60 pi of TE.
Ligations
Ligations were performed essentially as described in Sambrook, et al. 
(1989). The genomic clone fragments were ligated into an EcoRI site in 
pBluescript phagemid and a Hindlll/EcoRI site in pMOB plasmid. The 
electroeluted fragments from the genomic clones 1, 8 , and 10 (0.9, 1.0, 1.3, 1.4, 
3.4, 4.2, 6 .8 , 8.9 Kb) were placed in their respective 0.5 eppendorf tubes. Five 
pi of vector DNA (0.1 pg/pl) was added to 1.0 pi of insert DNA (0.5 pg/pl) , 4 pi 
of sterile dH2 0  was added to each mixture of DNAs. 10X Ligation buffer [0.5 M 
Tris-CI (pH 7.6), 1 0 0  mM MgCl2 , 1 0 0 mM dithiothreitol, 500 pg/ml bovine serum 
albumin] was also added to each tube. To eliminate sticky ends the mixture 
was placed at 45°C for 30 seconds before adding T4 DNA Ligase. A 0.01 
volume of ATP (100mM) and 1 pi of T4 DNA Ligase was added to each 
reaction. The reaction was incubated for 4 hours to overnight at 16°C.
Preparation of Competent Cells
Competent cells were prepared as described in Hanahan et al. (1985). 
Briefly, twenty-five ml of LB was inoculated with 250 pi of a fresh overnight 
culture of E. co/iXL1-Blue and grown to an optical density (A5 9 5 ) of 0.4. The 
cultures were collected into 50 ml polypropylene centrifuge tubes and chilled on 
ice for 15 minutes. The cells were pelleted by centrifugation at 1,000g for 15
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minutes at 4°C. The pellets were drained thoroughly by inverting the tube on a 
Kimwipe. The cell pellet was resuspended by moderate vortexing in a volume 
of RF1 [100 mM RbCI, 50 mM MnCl2 -4 H2 0 , 30 mM potassium acetate, 10 mM 
CaCl2, 15% Glycerol (pH 5.8)] that was 1/3 of the initial volume collected. The 
cells were incubated on ice for 1 hour, centrifuged again at 1,000g for 15 
minutes at 4°C, and resuspended in RF2  [ 1 0  mM MOPS[3-(N-morpholino) 
propane sulfonic acid], 10 mM RbCI, 75 mM CaCl2 -2 H2 0 , 15% Glycerol (pH 
6 .8 )] to 1/12.5 of the original volume. After incubation on ice for 15 minutes, 
two-hundred microliter aliquots of cells were distributed into chilled 1.5 ml 
microcentrifuge tubes. The cells were immediately stored at -70°C.
Transformation of Competent Ceils with pSKBIuescript vectors
The protocol for transformation was followed as described in Sambrook 
et al. (1989). Ten pi of the ligation mixtures, (5% of the volume of competent 
cells) was added to the air-thawed competent cells, and the tubes were swirled 
to mix. The tubes were stored on ice for 30 minutes. The tubes were transfered 
to a gently circulating 42°C water bath and incubated for exactly 90 seconds. 
The tubes were quickly transfered to an ice bath allowing them to chill for 1-2 
minutes. 800 pi of SOC medium (20 g Bacto-tryptone, 5 g Bacto-yeast extract, 
0.5 g NaCI, 20 mM Glucose, 950 ml dH2 0 ) was added to each tube. The 
cultures were warmed to 37°C in a water bath, and transfered to a shaking 
water bath also set at 37°C. The cultures were incubated for 45 minutes. 10 pi, 
100 pi, and 890 pi of the mixture were transfered onto LB plates containing 50 
pg/ml ampicillin and spread on top using sterile glass beads with 40 pi X-gal 
( 2 0  mg/ml) and 4 pi of IPTG ( 2 0 0  mg/ml). The plates were left at room
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temperature to allow them to dry. The plates were inverted and incubated at 
370C for 12-16 hours.
Transformation of Competent Cells with pMOB Vectors
The protocol for transformation with pMOB plasmid was that followed 
from the TN 1000™ Kit (Gold Biotechnology, Inc.). Competent DH5a host 
bacteria supplied in the kit were melted on ice for 30 minutes. Fifty pi of the 
bacteria were transfered to ice cold 1.5 ml tubes. An equal volume of ligation 
mixture was added to bacteria and incubated on ice for 30 minutes. The mix 
was heat shocked for 90 seconds at 42°C and returned to ice for two minutes. 
The entire transformation mixture were spread on LB plates containing 50 pg/ml 
ampicillin. The plates were inverted and incubated overnight at 37°C.
COLONY HYBRIDIZATIONS
Lysis of Colonies and Binding of DNA to Nitrocellulose Filters
Colony hybridization was performed essentially as described in 
Sambrook et al. (1989). Individual transformants were picked with sterile 
toothpicks from LB/Ampicillin (50 fig/ml) plates and replicated in an orderly 
manner on grided plates. The plates were inverted and the colonies grown 
overnight at 37°C. Nitrocellulose filters (MSI, Magna Charge) were marked 
with a pencil for identification. The filters were placed over the colonies 
allowing the labelled side to face the cells. The filters were marked in at least 
three asymmetric locations by stabbing through it and into the agar beneath 
with an 25-gauge needle that had been dipped in black drawing ink. The filters 
were lifted and placed colony side up, over a small pool of denaturing solution
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(0.5 M NaOH, 1.5 M NaCI). The filters were incubated for 10 minutes at room 
temperature. The filters were transfered to 3MM paper for 2 minutes. The 
denaturation and drying process was repeated. The filters were placed over a 
pool of neutralizing solution [1.0 M Tris-HCI (pH 7.4), 1.5 M NaCI]. The filters 
were placed over a pool of 2 X SSC in order to rinse them. The filters were 
placed colony side up on a dry 3MM paper and allowed to dry at room 
temperature for 30 minutes. The filters were placed between two sheets of dry 
3 MM paper and baked at 80°C for 2 hours in a vacuum oven.
Hybridization of Immobilized DNA on Filter to a 32P-Labeled Probe
The baked filters were floated on the surface of 2 X SSC until thoroughly 
wet and then submerged for 5 minutes. The filters were placed in 200 ml 
prewash solution [5X SSC, 0.5% SDS, 1 mM EDTA (pH 8.0)] for 30 minutes at 
50°C while gently being agitated. The bacterial debris was gently scraped from
the filters. The filters were placed on a mesh screen, rolled up, and placed in a 
glass hybridization tube with 2 ml/filter of prehybridization solution (50% 
Formamide, 5X SSPE, 1X Denhardts, 0.1% SDS, 100 pg/ml denatured salmon 
sperm DNA). The filters were prehybridized for 1 hour at 42°C. The 3 2 P- 
labeled double stranded probe was denatured by heating it to 94°C for 5 
minutes and rapidly chilling on ice. The probe was added to the hybridization 
solution and incubated at 42°C for 12-16 hours. After the probe was removed 
with a 1 0  ml disposable pipette, the filters were washed three times for 20 -30 
minutes each with a solution of 0.1% SDS and 0 .1 X SSPE at 50°C. The filters 
were wrapped in plastic wrap, checked with a Geiger counter and exposed to X- 
ray film for 5 hours.
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Decaprime II Probe for Colony Lifts
A random primed double - stranded DNA probe was made using the 
Decaprime II kit (Ambion). Twenty Five nanograms of DNA was added to sterile 
dH2 0  and 1 X decamers in a total volume of 14.0 |il. This reaction was mixed 
and heated to 1 0 0 °C for 1 0  minutes, and then rapidly chilled on wet ice. To the 
mixture was added, in order, 5 (il 5X reaction buffer (-dATP), 2 units of Klenow, 
and 5 pi of a - 3 2 P-dATP (3000 Ci/mM). The reaction was mixed and incubated 
at 37°C for 10 minutes. The polymerization reaction was stopped by adding 1 
pi 0.5 M EDTA. The incorporated nucleotide was separated from 
unincorporated nucleotide by passing it over a P10 spin column.
PLASMID ISOLATION PROTOCOLS
Large Scale Plasmid Preparation Using CsCI Equilibrium Density Gradients 
Growth and Lysis o f Bacteria
Some of the plasmids were isolated using CsCI equilibrium density 
gradients as follows. In a 2.8 liter flask, 500 ml of LB containing 100 pg/ml 
ampicillin was inoculated with a single bacterial colony harboring the plasmid of 
interest and allowed to grow overnight. After the culture was split in half and put 
into two 250 ml bottles, the bacterial cells were harvested by placing the bottles 
in a GSA rotor and spinning them at 4,000 rpm for 10 minutes at 4°C. The 
supernatant was discarded, the bottles with the pellets were inverted and 
placed on paper towels in order to draw all of the supernatant away. Each 
pellet was resuspended in 20 ml of ice cold STE [0.1 M NaCI, 10 mM Tris-HCI 
(pH 8.0), 1 mM EDTA (pH 8.0)]. The cells were pooled into one capped tube 
and re-pelleted using the SS-34 rotor at 5,000 rpm for 10 minutes at 4°C. The
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supernatant was discarded and the pellet was resuspended in 1 0  ml of solution 
I [50 mM Glucose, 25 mM Tris-HCI, 10 mM EDTA (pH 8.0)]. 1 ml of a freshly 
prepared solution of lysozyme [10 mg/ml in 10 mM Tris-HCI (pH 8.0)] was 
added and the mixture was incubated at room temperature for 5 minutes. 20 ml 
of freshly prepared solution II (0.2 N NaOH, 1% SDS) was added to lyse the 
cells and mixed by gently inverting the bottle several times. The suspension 
was incubated at room temperature for 10 minutes. 15 ml of ice-cold solution III 
(made by adding together 60 ml of 5 M KOAc, 1 1 .5 ml of glacial acetic acid, and 
28.5 ml of water, a solution that is 3 M K and 5 M acetate) was added to the 
suspension. The bottle was capped and mixed by inverting it several times. 
After storage on ice for 10 minutes, the bacterial lysate was cleared by 
centrifuging the bottle at 8 , 0 0 0  rpm for 15 minutes at 4°C in a HB-4 rotor. 
Recovery of Plasmid DNA
The supernatant was removed and was filtered through 4 layers of 
cheesecloth into a clean beaker. The supernatant was split into two corex 
tubes. Isopropanol (0.6 volume) was added and mixed well. The mixture was 
incubated at room temperature for 10 minutes. The nucleic acids were 
recovered by centrifugation at 8,000 rpm in the SS-34 rotor for 15 minutes at 
room temperature. The supernatant was carefully decanted and the tubes were 
inverted to allow the last drops of supernatant to drain away. The pellets and 
walls of the tubes were rinsed with 70% ethanol at room temperature. The 
ethanol was drained off using a pasteur pipette. The tubes were placed 
inverted onto a paper towel for a few minutes at room temperature to allow 
traces of ethanol to evaporate. After the pellets were dried, they were dissolved 
in 1 ml of TE (pH 8.0). The two solutions were combined into one tube.
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CsCI Equilibrium Density Gradient Purification of the Plasmid DNA
The resulting volume was measured exactly to within 0.01 ml and exactly
1.00 gram of solid CsCI per milliliter was added. The solution was warmed and 
mixed gently until the salt dissolved. The volume was remeasured and noted. 
An eighth of a milliliter of a solution of ethidium bromide (10 mg/ml in water) was 
added for every 1 0  ml of the DNA/CsCI solution and immediately mixed. The 
density of the solution was measured in a refractometer and was adjusted to the 
appropriate density (1.55 g/ml) with solid CsCI or an ethidium bromide solution 
(740 pg/ml). Precipitate was removed by centrifuging the solution at 8 , 0 0 0  rpm 
for 5 minutes at room temperature in the SS-34 rotor. A disposable syringe 
fitted with a large gauge (18 or larger) needle was used to transfer the clear red 
solution into an ultra-clear, quickseal Beckman tube to fit the NVT-65 rotor.
Sixty three pi of 1% Triton X-100 was added to the solution. The remainder of 
the tube was filled with prepared CsCI/EtBr solution and the tube was sealed. 
The tube was balanced and centrifuged at 65,000 rpm overnight at 20°C. 
Recovery of Plasmid DNA
The tube was put in a tube rack for support and gently wiped with ethanol 
to remove any grease or oil. A piece of scotch tape was placed on the outside 
of the tube to prevent leaks. The top of the tube was pierced with a 21 gauge 
needle for easier band removal. An 18 gauge needle on a 3 ml syringe was 
used to gently with draw the band of 0.3 - 1.5ml. The needle was removed and 
the plasmid-containing solution was carefully dispensed into a 1.5 ml tube.
The CsCI was extracted by serial dilutions with equal volumes of water 
saturated 1-butanol. The two phases were mixed by vortexing and separated 
by centrifugation at 1500g for 3 minutes. The lower aqueous phase was
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transfered to plastic tube with a pasteur pipette. The extraction was repeated 
until all of the pink color was gone from both the aqueous and organic phases. 
The volume of the solution was measured and 3 volumes of water was added 
and mixed. The volume of the solution was estimated again and 0.1 volumes of 
8  M LiCI was added and mixed. To this solution, 3 volumes of 1 00% cold 
ethanol was added. The mixture was allowed to sit at 4°C for 15 minutes 
before being centrifuged at 1 0 ,0 0 0 g for 15 minutes at 4°C. The pellet was 
carefully washed with 70% ethanol and repelleted. The ethanol was removed 
and air dried making sure to be free of ethanol. The pellet was dissolved in 1 . 0  
ml of TE, OD taken, and stored in aliquots at 4 0 C.
Small Scale Plasmid DNA Preparation - Boiling Method
A bacterial colony containing the plasmid of interest was picked with a 
sterile toothpick and used to inoculate 1.5 ml of LB containing ampicillin (50 
pg/ml). The cells were grown at 37°C in a shaking water bath overnight. The
bacterial culture was placed in a 1.5 ml microcentrifuge tube and pelleted for 30 
seconds in a microcentrifuge. The supernatant was discarded. The bacteria 
were resuspended in 100 pi of STET [8 % Sucrose, 0.5% Triton-X100, 50 mM 
EDTA (pH 8.0), 10 mM Tris-CI (pH 8.0)] by vortexing. One hundred pi of 
lysozyme (2 mg/ml) in STET was added, mixed and left at room temperature for 
1-5 minutes. The tubes were placed in a boiling water bath for 1 minute. The 
cells were spun at room temperature in a microfuge for 10 minutes. The pellet 
was removed with a flat toothpick. Thirty pi of 5 M ammonium acetate and 250 
pi of 1 0 0 % ethanol was added, mixed and spun for 1 0  minutes at room  
temperature in a microcentrifuge. The pellet was washed with 70% ethanol, 
dried by vacuum, and dissolved in 50 pi of TE.
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PlasmidFast™ Plasmid Purification Kit fA M R E S C Q ^
This procedure is essentially a miniprep version of part of the large-scale 
CsCI density gradient as described above. Overnight cultures were grown as 
described earlier. The overnight cultures were cooled to 4°C and transfered 
into a 1 .5 ml microcentrifuge tubes. The cells were centrifuged for 30 seconds. 
The supernatant was discarded and the tubes were centrifuged for an 
additional 5 seconds in order to facilitate removal of any residual media. Cells 
were gently resuspended with 200 pi of Reagent 1 (Cell Resuspension Buffer) 
by pipetting up and down. Two hundred pi of Reagent 2 (Cell Lysis Buffer) was 
added and immediately vortexed. Tubes were let stand at room temperature for 
two minutes to allow cells to lyse. Three hundred pi of Reagent 3 was 
immediately added, vortexed and incubated on ice for 5 minutes. Five pi of 
Reagent 4 (RNase A Solution) was added and incubated at 37°C for 5 minutes. 
500 pi of Reagent 5 (Plasmid Precipitation Reagent) was added and the 
solution was vortexed to mix. The mixture was centrifuged for 5 minutes at room 
temperature. The supernatant was removed. The pellet was washed with 70% 
ethanol, vortexed briefly, and centrifuged for 2 minutes. The supernatant was 
decanted and the pellet was dried under vacuum for 5 minutes. The pellet was 
resuspended in 25 pi of sterile TE buffer.
RESTRICTION MAPPING
All restriction enzyme digests were performed in the optimal restriction 
enzyme buffer using sterile dH2 0  with added RNase to digest bacterial RNA. 
These solutions were added to the appropriate DNA, with the restriction enzyme 
being added last. After the reaction was incubated for 1 hour, a second aliquot
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of restriction enzyme was added and the reaction was incubated for an 
additional hour to insure complete digestion. Reactions were stopped by 
heating them to 65°C.
DNA SEQUENCE ANALYSIS 
Dideoxy Sequencing
DNA sequencing of the five genomic subclones was performed using the 
Sequenase® DNA Sequencing Kit (United States Biochemical). Denaturation 
of the template DNA was accomplished by mixing 8  pi (3 pg) of plasmid DNA 
with 2 pi of freshly prepared 2 M NaOH and incubating for 5 minutes at room 
temperature. 8  pi of 5 M ammonium acetate (pH 7.5) and 100 pi of cold 95% 
ethanol was added, and the DNA precipitated for 30 minutes at -20°C. The 
DNA as pelleted by centrifugation in a microcentrifuge at 12,000g at 4°C, 
washed with 70% ethanol, vacuum dried, and resuspended in 7 pi of sterile 
ddH2 0 .
The primer and template DNA were annealed in 1.5 ml microcentrifuge 
tubes. Two reactions for each template DNA were performed using a forward 
and reverse primer. 7 pi of denatured template DNA (~3pg), 1 pi of M13 -20 
primer (0.5 pmoi/pl), and 2  pi of Sequenase® Reaction Buffer were added to the 
tubes, the tubes were flash spun to collect the contents. The same reaction was 
done for the reverse primer, 1 pi (0.5 pmol/pl) of the reverse was used in place 
of the forward primer. The tubes were placed in a floating rack in a 65°C water 
bath and incubated for 2  minutes. The water bath was allowed to cool to less 
than 30°C. After cooling, the tubes were placed on ice.
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Two pi of labeling mix (dGTP) undiluted, 1 pi DTT solution, and 0.5 pi [a -  
3 5S] dATP (5 pCi) were added to the cooled annealing reactions, and the tubes 
were flash spun. 2  pi of freshly diluted Sequenase® enzyme (1 : 8  in cold 
dilution buffer) was added to the labeling reaction tubes, and the tubes were 
incubated at room temperature for 2-5 minutes. When the labeling reactions 
completed incubation, 3.5 pi was promptly transfered into the prewarmed A 
termination tube. The tubes were mixed and returned to the 37°C water bath. 
This was repeated for the C, G, and T termination tubes. After 5 minutes, 4 pi of 
the stop solution was added to the termination tubes, and they were mixed and 
placed on ice. The sequence reactions were stored at -2 0 °C.
The sequencing reactions were separated by size on an 8 % 
polyacrylamide (19:1) sequencing gels containing 8  M urea in 1X TBE buffer. 
The gels were prerun for 30 minutes at 55 watts. The reaction tubes were 
heated to 75°C for two minutes before loading. The loading wells were rinsed 
free of urea just before loading 3 pi of each termination reaction. The gels were 
run with 1X TBE in both the top and bottom chambers of the sequencing 
apparatus. The gels were run at 55 watts from 2-6 hours.
Upon completion of electrophoresis, the gels were fixed for 15-30 
minutes in 15% methanol and 5% acetic acid. The gels were dried using a 
vacuum gel dryer at 80°C for 2 hours, and exposed to BioMax MS-1 X-ray film 
for 2-5 days.
Sequence was read manually, and analyzed using the GCG set of 
programs (Genetic Computer Group, 1994)
28
Figure 3. (a) Map of phagemid Bluescript SK +/-. (b) Multiple cloning site of 
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RESU LTS  
Subcloning of Genomic Fragments
Five Drosophila genomic DNA fragments from the lambda-Drosophila 
genomic DNA clones were chosen for subcloning. The 0.9 Kb EcoRI/Hindlll, 1.0 
Kb EcoRI, 1.3 Kb EcoRI/Hindlll, 1.4 Kb EcoRI/Hindlll, and 3.4 Kb EcoRI/Hindlll 
(clone #10 only) genomic DNA fragments were selected based on their position 
relative to the genomic regions with homology to the 2.2 Kb cDNA subclone for 
the octopamine/tyramine receptor gene (Figure 5). Because the sequence for a 
nearly full length 3.3 Kb cDNA subclone has been published, sequencing or 
restriction mapping of the genomic DNA subclones would allow genomic and 
cDNA alignment.
Ligations and transformations led to the subcloning of the 1.0 Kb, 1.3 Kb, 
and 3.4 Kb genomic DNA fragments. The 1.0 Kb genomic DNA fragment was 
subcloned into the pBluescript phagmid and the 1.3 Kb and 3.4 Kb genomic 
DNA fragments were subcloned into the pMOB plasmid. The 0.9 Kb and 1.4 Kb 
genomic DNA fragments were not successfully subcloned. Figure 5 illustrates 
the successful subcloning of the fragments A (1.3 Kb), B (1.0 Kb), C (3.4 Kb).
Evidence of successful ligation and transformation of genomic DNA 
subclones was confirmed by restriction enzyme digestion. Figure 6  illustrates 
the release of the appropriate sized fragment from the plasmid by restriction 
digestion. Lanes 2  and 4 show a 1.3 Kb Hindill/EcoRI fragment, lane 3 a 1.0 Kb 
EcoRI fragment, and lane 5 a 3.4 Kb Hind III/EcoRI fragment. Lane 1 shows a 
size marker and lane 6  shows the pSK+Bluescript phagmid linearized with 
EcoRI. In lane 3 the vector pBluescript (Figure 3) is released with the 1.0 Kb
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subclone upon digestion with EcoRI, while in lanes 2 , 4 and 5, the 1.8 pMOB 
vector is released.
Sequencing of Genomic Subclones
To orient and understand the structure of the genomic DNA subclones to 
the octopamine/tyramine receptor 3.3 Kb cDNA, the ends of each genomic DNA 
subclone were sequenced using a dideoxy sequencing method. The end of the 
genomic DNA subclones were sequenced utilizing the reverse and (-20) 
forward primers. In order to obtain readable sequence for several hundred 
bases into the subclone, up to twice the amount of [a-35s] dATP was used and 
the Sequenase 2.0 labeling mix was not diluted. This allowed for clearer bands 
on four consecutive sequencing gels run for 2 1/2, 3 1/2, 4 1/2, and 5 1/2 hours 
for each genomic DNA subclone. The sequence obtained from the genomic 
DNA subclones is presented after analysis with the GCG program (Genetics 
Computer Group, 1992) in Figures 7-12. In order to align the sequence in a 5’ 
to 3' sense strand orientation, like that of the published 3.3 Kb cDNA, the 
reverse compliment of sequence obtained from one end of each clone was 
used. Specifically, this was done for sequence obtained with the reverse primer 
for the 1.0 Kb genomic DNA subclone, and the forward primer for the 1.3 Kb and 
3.4 Kb genomic DNA subclones. Figure 13 shows a composite sequence for all 
three genomic DNA subclones. In this figure, the sequence is presented in 
order. In between each segment lies an unsequenced region for which data 
must still be gathered.
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O rientation of 2.2 Kb cDNA to Genomic Clones
Previous Southern blot analysis defined homology between genomic 
DNA segments and the octopamine/tyramine receptor gene 2.2 Kb cDNA 
subclone. These analogies were not performed in a way to define the 
orientation of the cDNA to the genomic DNA, however. Restriction enzyme 
digestion and mapping of the EcoRI 1.0 Kb fragment with the enzymes Pvull, 
Bglll, Notl, Hind!!!, Spe!, Xhol, and EcoRI, in an effort to correlate the genomic 
maps of this fragment to the cDNA, failed to allow an unambiguous assignment 
of the orientation. With the partial sequence of the 1.0 Kb EcoRI genomic DNA 
subclone however, the exact orientation of the full length 3.3 Kb cDNA relative 
to the genomic DNA could be ascertained. Sequence alignment of the 1.0 Kb 
genomic DNA fragment to the published sequence of the 3.3 Kb cDNA revealed 
sequence identity between the 5’ end of the cDNA and the EcoRI 1.0 Kb 
genomic fragment. In this way, the orientation of the 2.2 Kb cDNA was found to 
be 5’ to 3’, depicted right to left on the genomic DNA map shown in Figure 5. 
Details of Sequence A lignm ent
Using the GCG program, the sequence from each genomic DNA 
subclone was compared with the octopamine/tyramine receptor gene 3.3 Kb 
cDNA published sequence (Figures 14, 16, 19, 21, 24, and 26). The genomic 
DNA subclones containing identical sequence to that in the 3.3 cDNA were the
1.0 Kb and 1.3 Kb subclones.
These alignments indicate that at least two intronic sequences lie in the 
5’ end of this gene’s transcriptional unit. Figure 19 shows the alignment of 
sequence obtained from the 5’ end of the 1.0 Kb genomic DNA subclone 
revealing 193 bp of exonic sequence and 63 bp of intronic sequence
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(underlined). Figure 21 shows the alignment of sequence obtained from the 3’ 
end of the 1.0 Kb genomic DNA subclone and reveals 306 bp of exonic 
sequence and 33 bp of intronic sequence (underlined). In Figure 23, a diagram 
illustrates the location of the 1.0 Kb genomic DNA subclone relative to the 3.3 
Kb cDNA and the 2.2 Kb cDNA fragment. Intronic consensus sequences 
flanking the 1 . 0  Kb subclone are found at the 5’ and 3’ splice sites (Figure 23).
Figure 16 shows the alignment of sequence obtained from the 3’ end of 
the 1.3 Kb genomic DNA subclone and reveals 232 bp of exonic sequence and 
146 bp of intronic sequence (underlined). Sequence obtained from the 5’ end 
of the 1.3 Kb subclone reveals no homology to the 3.3 Kb cDNA, as shown in 
Figure 14. In Figure 18, a diagram illustrates where the 1.3 Kb genomic DNA 
subclone is located relative to the 3.3 Kb cDNA and the 2.2 Kb cDNA fragment. 
As shown in Figure 18, a 3’ intronic consensus sequence is found, but the lack 
of homology at the 5’ end and with only partial sequence data, the location of 
the 5 ’ splice site remains unknown.
Sequence obtained from the 5’ and 3’ end of the 3.4 genomic DNA 
subclone do not show identity with the published 3.3 Kb cDNA. Recall that 
previous Southern blot analysis demonstrated homology between the 3.4 Kb 
genomic DNA fragment and the 2.2 Kb cDNA fragment, and that this fragment 
lies adjacent to the 1.4 Kb EcoRI/Hindlll fragment (Figure 5). These data and 
the fact that the 5’ end of the 3.4 Kb fragment does not show sequence identity 




Using the GCG program, a dotplot analysis was utilized to visualize the 
sequence homology of the genomic DNA subclones to the 3.3 Kb 
octopamine/tyramine receptor gene cDNA. The dotplot analyses shown in 
figures 15, 17, 20, 22, 25, 27, and 28 compare the cDNA alignment on the y- 
axis with the genomic DNA fragment alignment on the x-axis with a comparing 
window of 2 1 , a stringency of 14.0 and 14 points, meaning a dot is plotted out 
every time 14 base words match. Figures 15, 17, 2 0 , 2 2 , 25 and 27 show 
individual dotplots of each end of the genomic fragments and Figure 28 shows 
a compilation of all the dotplots starting with the most 5’ sequence from the 1.3 
Kb genomic DNA fragment and ending with the 3’ end of the 3.4 Kb genomic 
DNA fragment.
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Figure 5. EcoRI (E)/Hindlll (H) restriction map of octopamine/tyramine receptor 
gene genomic clones #1, #8 , and #10. The checkered line below the clones 
depicts the 2.2Kb cDNA protein coding region for the octopamine/tyramine 
receptor. It shows homology to the regions of the clones that intersect with the 
vertical dotted lines. The letter A represents the 1.3 Kb Hindlil/EcoRI genomic 
fragment. The letter B represents the 1.0 Kb EcoRI genomic fragment. The letter 




Figure 6 . Ethidium Bromide stained agarose gel showing the results of Hindi 11/ 
EcoRI restriction digests of genomic DNA subclones having homology to the 
octopamine/tyramine receptor gene. Lane 1 is lambda phage marker digested 
with the restriction enzyme Hindlll. Lanes 2 and 4 are the 1.3 Kb Hindlll/EcoRI 
fragment subcloned into the pMOB plasmid with Hindlll and EcoRI. Lane 3 is the
1.0 Kb EcoRI fragment subcloned into pSK+Bluescript and digested with EcoRI. 
Lane 5 shows the 3.4 Kb Hindlll/EcoRI fragment cloned into pMOB digested with 
Hindlll and EcoRI. Lane 6  shows the pSK+Bluescript phagmid digested with 
EcoRI.
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Figure 7. Sequence obtained from the 1. 0  Kb EcoRI subclone from phage #1, 
using the Forward primer, given 5’ to 3’.
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Sequence  from 1 .0  EcoR1 f rag m en t  o f  phage 1 (gen-omic) o f  o c t p a m i n e  
r e c e p t o r  gene, u s in g  f o r w a r d  p r i m e r ,  g i v e n  5 ’ t o  3 '
1. O forw  Length:  256  May 15. 1996 14:51 Type: N Check: 2396
1 cg g a tg a c g a  t g c g g g c a t g  ggaacggagg c g g t g g c t a a  c a t a t c c g g c
51 t c g c t g g t g g  a g g g c c t g a c  c a c c g t t a c c  g c g g c a t t g a  g t a c g g c t c a
101 ggcggacaag g a c t c a g c g g  g a g a a t g c g a  a g g a g c t g t g  g a g g a g c tg c
151 a t g c c a g c a t  c c t g g g c c t c  c a g c t g g c t g  t g c c g g a g t g  g g a g g g t a a t
201 a a g c a c a a t g  a t a g t a t t t t  c a t t t t c a t t  a c t a a t a a t a  a c g g a t a g c t
251 t c t g c c
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Figure 8. Sequence obtained from the 1.0 Kb EcoRI subclone from phage #1,
using the Reverse primer, given 5’ to 3’. Sequence of the reverse-complement is
also shown.
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Sequence  re ad  from 1 . 0  EcoRI f r a g m e n t  o f  phage 1 (genom ic )  o f  o c to p a m in e
r e c e p t o r  gene, u s in g  r e v e r s e  p r i m e r ,  g i v e n  5 ’ t o  3 ’
1. O rev  Length:  339 May 15. 1996 1 4 : 2 5  Type: N Check:  6 8 7 7  . .
1 c c c a g t a c c g  g t c g a g g g c t  a t g g c a c a c a  g g t t c a g g a t  g g a g c t a g t g
51 cagacca gca  c g t c g c a g g t  g a g cca ca g c  t t g c a c a g g t  g g a t g c c g a a
101 c t c c c a g c g c  c c c a g g a tc g  a g t a a g c c a a  c g t t g a a g g g  c a g c a c c a g a
151 agggccaccg  t g a g a t c g g c  c a c c g c c a g c  g a a a c t a t g a  a g a a g t t c t g
201 g ac g a tg c g c  a g c g g c t t g t  a g g t g a a c a c  a c t c a g a a t c  a c c a g g a t g t
251 t c c c g a t g a t  g g tc a g c a c g  a t a a t g a c c g  a g ag aac c ag  g g c g g t g a g a
301 a g g g c c t a g t  t a a t g a a g a g  t a g a g c t t a c  a c t a t a g c t
REVERSE-COMPLEMENT o f :  1. Orev check:  6 87 7  from: 1 to:  33 9
Sequence  up t o  EcoRI s i t e  in 1 . 0  kb EcoRI f r a g m e n t  o f  phage 1 (genomic)  
o f  o c to p a m in e  r e c e p t o r  gene, u s i n g  r e v e r s e  p r i m e r ,  g i v e n  5 ‘ t o  3 '
1. OrevRC Length:  339  May 23. 1996 15: 57 Type: N Check: 9396
1 a g c t a t a g t g  t a a g c t c t a c  t c t t c a t t a a  c t a g g c c c t t  c t c a c c g c c c
51 t g g t t c t c t c  g g t c a t t a t c  g t g c t g a c c a  t c a t c g g g a a  c a t c c t g g t g
101 a t t c t g a g t g  t g t t c a c c t a  c a a g c c g c t g  c g c a t c g t c c  a g a a c t t c t t
151 c a t a g t t t c g  c tg g c g g tg g  c c g a t c t c a c  g g t g g c c c t t  c t g g t g c t g c
201 c c t t c a a c g t  t g g c t t a c t c  g a t c c t g g g g  c g c t g g g a g t  t c g g c a t c c a
251 c c t g t g c a a g  c t g t g g c t c a  c c t g c g a c g t  g c t g g t c t g c  a c t a g c t c c a
301 t c c t g a a c c t  g t g t g c c a t a  g c c c t c g a c c  g g t a c t g g g
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Figure 9. Sequence obtained from the 1.3 Kb EcoRI/Hindlll subclone from phage
#1 using the Forward primer, given 5’ to 3’. Sequence of the reverse-complement
is also shown.
Sequence re a d  from 1. 3 H i n d i  I I /  EcoRI  f r a g m e n t  o f  phage  1 (genomic)  
o f  o c t p a m in e  r e c e p t o r  gene, u s in g  f o r w a r d  p r i m e r ,  g i v e n  5 '  t o  3 '
1. 3 f o r w  Length:  378  May 17. 1996 1 5 :0 5  Type: N Check: 2618
1 t g t a g c c c g t  g c g g c g t t g c  c g t t t c c g g a  c t t t g t g g t g  c tg a c g g c g g
51 c c g c a g c g g t  t a g a g c c g c c  g ccg ccaccg  t t g t g g t g a c  a t t t a c a a a c
101 a g g a t c t g a t  c t g c c g a t g g  c a t c t t t c c c  t g c c c t g c c a  c t t g c c t t c t
151 t t g g g c t c c g  g t t g c g t t t a  c a t g c g t c t t  g g t g g a a a g g  c g g a c g t t g a
201 g t g c g a t t t c  c c c g a c t t c t  t t g a c t t a t t  t c t g c g a a a g  g a a a a t t g a g
251 a g g aaa g caa  a t t a t t g t g a  c t t c a a c a c t  t c g t t g g g a g  g c g g g a a t t t
301 c g t t g a a a t t  t c t g g c t a c t  t a a c t t a a c t  g t a t t g t a c g  c a g a g a g t a a
351 a a a c c a t g t a  t g g a g a t g g c  a t t g t a t t
REVERSE-COMPLEMENT of:  1. 3 f o r w  check: 2618  from: 1 to:  378
Sequence re ad  from 1 . 3  H i n d I I I /  EcoRI  f r a g m e n t  o f  ph ag e  1 (genomic)  
o f  o c t p a m in e  r e c e p t o r  gene, u s i n g  f o r w a r d  p r i m e r ,  g i v e n  5 ’ t o  3 ‘
1. 3forwRC Length:  378 May 23. 1996 1 5 : 5 9  Type: N Check: 9241  
1 a a t a c a a t g c  c a t c t c c a t a  c a t g g t t t t t  a c t c t c t g c g  t a c a a t a c a g
51 t t a a g t t a a g  t a g c c a g a a a  t t t c a a c g a a  a t t c c c g c c t  cccaa c g aag
101 t g t t g a a g t c  a c a a t a a t t t  g c t t t c c t c t  c a a t t t t c c t  t t c g c a g a a a
151 t a a g t c a a a g  a a g tcg g g g a  a a t c g c a c t c  a a c g t c c g c c  t t t c c a c c a a
201 g a c g c a t g t a  aacg ca a ccg  gagccc aa ag  a a g g c a a g t g  gcagggcagg
251 g a a a g a t g c c  a t c g g c a g a t  c a g a t c c t g t  t t g t a a a t g t  cac ca c a a c g
301 g tg g cg g cg g  c g g c t c t a a c  c g c t g c g g c c  g c c g t c a g c a  c c a c a a a g t c
351 cggaaacggc aacgccgcac  g g g c t a c a
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Figure 10. Sequence obtained from the 1.3 Kb EcoRI/Hindlll subclone from 
phage #1 using the Reverse primer, given 5’ to 3’.
Sequence r e a d  from 1 . 3  H i n d l I I / E c o R 1 f r a g m e n t  o f  phage 1 (genom ic )  
o f  o c t o p a m in e  r e c e p t o r  gene, u s in g  r e v e r s e  p r i m e r ,  g iv e n  5 '  t o  3 '
1. 3 r e v  Length:  264 May 17. 1996 1 5 : 0 7  Type: N Check: 2 4 8 8
1 t a c t a a a g c a  gacggaaagg t a g g a t t c a g  g g c a t t a g c a  a t c t g g c a g c
51 ccgaggagcg  aaaaggggaa  c a a c a t t t t t  g c t g a a t g a a  a a t g a a a g c c
101 t c a a g t t g c t  c c t t c c t t t t  c c a t t t t c a c  a g a g t t c a g t  t t a t g a g c g g
151 g t t a t t t t g a  t t a a t g t t c c  t t c a a c t g g t  g t a a c t g g t a  g g c g g a c a a a
201 a a g g ag c cg a  t a g a a a a t t c  a g c a a a g c t g  g t a a g g a c t t  a g t g g a t a g t
251 g a a g t g t c a g  gcgg
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Figure 11. Sequence obtained from the 3.4 Kb EcoRI/Hindlll subclone from
phage #10 using the Forward primer, given 5’ to 3’. Sequence of the reverse-
complement is also shown.
Seq uence  r e a d  from 3 . 4  H in d i  I I f r a g m e n t  o f  phage 10 (genomic)  o f  
o c t o p a m i n e  r e c e p t o r  gene, u s i n g  f o r w a r d  p r i m e r ,  g i v e n  5 ’ to  3 '
3. 4 f o r w  Length:  261 May 17. 1996 15:01 Type: N Check: 8 3 8 3
1 a t t g t a t c a a  t c a a a c t c t c  g t g c g c g t a t  c t c c t t c g a c  g g a a c a c t a g
51 g c t t a t c t g a  c a c t c g c g a g  t c g c g g t a a t  a t g g t c t c g c  a g a g a g t a c a
101 g a c a a a g t c t  t g t c g t c a a c  g c g a t a c a a g  t a c t c a c g c t  t g t g a t g a c a
151 t t g a a g t a t a  c g t a t g a t a g  a t t a a c t c t c  a t a g c g t g g a  t c g t a t c t c g
201 a t c t t c g t g a  t a c a g t a c t a  c t g t c a c t a t  t g c a c t g a c t  a g t a c t g t a t
251 a g c a t g a t c t  a
REVERSE-COMPLEMENT of:  3. 4 f o r w  check: 8 383  from: 1 to:  261
Sequence  from 3 . 4  H i n d l l l  f r a g m e n t  o f  phage  10 (genomic)  o f  
o c t o p a m in e  r e c e p t o r  gene, u s i n g  f o r w a r d  p r i m e r ,  g i v e n  5* t o  3 '
3. 4forwRC Length:  261 May 23. 1996 15: 59 Type: N Check: 123
1 t a g a t c a t g c  t a t a c a g t a c  t a g t c a g t g c  a a t a g t g a c a  g t a g t a c t g t
51 a t c a c g a a g a  t c g a g a t a c g  a t c c a c g c t a  t g a g a g t t a a  t c t a t c a t a c
101 g t a t a c t t c a  a t g t c a t c a c  a a g c g t g a g t  a c t t g t a t c g  c g t . t g a c g a c
151 a a g a c t t t g t  c t g t a c t c t c  t g c g a g a c c a  t a t t a c c g c g  a c t c g c g a g t
201 g t c a g a t a a g  c c t a g t g t t c  c g t c g a a g g a  g a t a c g c g c a  c g a g a g t t t g
251 a t t g a t a c a a  t
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Figure 12. Sequence obtained from 3.4 Kb EcoRI/Hindlll subclone from phage 
#10 using the Reverse primer, given 5’ to 3’.
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Sequence  from 3 . 4  H i n d l l l  f r a g m e n t  o f  phage 10 (genomic)  o f  o c t o p a m in e  
r e c e p t o r  gene, u s in g  r e v e r s e  p r i m e r ,  g i v e n  5 ‘ t o  3 ’
3. 4 r e v  Length:  98 May 17. 1996 1 5 :0 3  Type: N Check: 6971
1 tg c a c a g c a a  t c g g c t t g c a  t a a g a g a g g t  t a c t a g c t g t  a g c t a c a a g a
51 g c g c a g a t t a  t g c a g a t c a a  g c a t a c t c a t  c a t g c c t c a c  g t c g a c a c
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Figure 13. Partial sequence obtained of all genomic DNA subclones, aligned 5’ to 
3’. A gap, for which sequence has not been obtained, lies between each section 
of sequence reported.
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Genomic sequence  r e a d  from s u b c lo n e s  o f  o c to p a m in e  r e c e p t o r  gene,  
g i v e n  5 '  t o  3 ‘
k e l .  seq Length:  1596 May 24. 1996 1 5 : 3 9  Type: N Check: 9 9 6 7
<seqed ( i n c l u d e ]  o f :  1. 3 r e v
1 t a c t a a a g c a  gacggaaagg t a g g a t t c a g  g g c a t t a g c a  a t c t g g c a g c
51 ccgaggagcg aaaaggggaa  c a a c a t t t t t  g c t g a a t g a a  a a t g a a a g c c
101 t c a a g t t g c t  c c t t c c t t t t  c c a t t t t c a c  a g a g t t c a g t  t t a t g a g c g g
151 g t t a t t t t g a  t t a a t g t t c c  t t c a a c t g g t  g t a a c t g g t a  ggcggacaaa
201 a ag g ag ccg a  t a g a a a a t t c  a g c a a a g c tg  g t a a g g a c t t  a g t g g a t a g t
251 g a a g t g t c a g  gcgg
>seqed ( i n c l u d e )  o f:  1. 3forwRC check: 9241 from: 1 to:  378>
a a t a c a  a t g c c a t c t c  c a t a c a t g g t  t t t t a c t c t c
301 t g c g t a c a a t  a c a g t t a a g t  t a a g t a g c c a  g a a a t t t c a a  c g a a a t t c c c
351 g c c t c c c a a c  g a a g t g t t g a  a g t c a c a a t a  a t t t g c t t t c  c t c t c a a t t t
401 t c c t t t c g c a  g a a a t a a g t c  a a a g a a g t c g  g g g a a a t c g c  a c t c a a c g t c
451 c g c c t t t c c a  cca a g a c g c a  t g t a a a c g c a  a c c g g a g c c c  a a ag aag g c a
501 ag tg g c a g g g  cagggaaaga  t g c c a t c g g c  a g a t c a g a t c  c t g t t t g t a a
551 a t g t c a c c a c  a a c g g t g g c g  g c g g c g g c tc  t a a c c g c t g c  g g c c g c c g t c
601 a g c a c c a c a a  a g t c c g g a a a  cggcaacgcc  g c a c g g g c t a  ca
<seqed ( i n c l u d e )  o f :  1. 3forwRC check: 9241 from: 1 to: 378<
>seqed ( i n c l u d e )  o f :  1. O fo rw  check:  2396 from: 1 to:  256>
c g g a t g a c
651 g a t g c g g g c a  tg g g a a c g g a  g g c g g t g g c t  a a c a t a t c c g  g c t c g c t g g t
701 g g a g g g c c tg  a c c a c c g t t a  c c g c g g c a t t  g a g t a c g g c t  cag g cgg aca
751 a g g a c t c a g c  g g g a g a a tg c  g aa g g ag c tg  t g g a g g a g c t  g c a t g c c a g c
801 a t c c t g g g c c  t c c a g c t g g c  t g t g c c g g c g  t g g g a g g g t a  a t a a g c a c a a
851 t g a t a g t a t t  t t c a t t t t c a  t t a c t a a t a a  t a a c g g a t a g  c t t c t g c c
< seqed ( i n c l u d e )  o f :  1. O fo rw  check:  2396 from: 1 to:  256<
>seqed ( i n c l u d e )  o f :  1. OrevRC check:  9396  from: 1 to :  339>
ag
901 c t a t a g t g t a  a g c t c t a c t c  t t c a t t a a c t  a g g c c c t t c t  c a c c g c c c t g
951 g t t c t c t c g g  t c a t t a t c g t  g c t g a c c a t c  a t c g g g a a c a  t c c t g g t g a t
1001 t c t g a g t g t g  t t c a c c t a c a  a g c c g c tg c g  c a t c g t c c a g  a a c t t c t t c a
1051 t a g t t t c g c t  g g c g g tg g cc  g a t c t c a c g g  t g g c c c t t c t  g g t g c t g c c c
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1101 t t c a a c g t t g  g c t t a c t c g a  t c c t g g g g c g  c t g g g a g t t c  g g c a t c c a c c
1151 t g t g c a a g c t  g t g g c t c a c c  t g c g a c g t g c  t g g t c t g c a c  t a g c t c c a t c
1201 c t g a a c c t g t  g t g c c a t a g c  c c t c g a c c g g  t a c t g g g
<seqed ( i n c l u d e )  of:  1. OrevRC check:  9396  from: 1 to:  339<
>seqed ( i nc I u d e ) o f:  3. 4 r e v  check:  6971 from: 1 to:  98>
tg c  a c a g c a a t c g
1251 g c t t g c a t a a  g a g a g g t t a c  t a g c t g t a g c  t a c a a g a g c g  c a g a t t a t g c
1301 a g a t c a a g c a  t a c t c a t c a t  g c c t c a c g t c  ga cac
< seqed ( i nc I ude) of:  3. 4 r e v  check:  6971 from: 1 to:  98<
>seqed ( i n c l u d e )  of:  3. 4forwRC check:  123 from: 1 to:  261 >
t a g a t  c a t g c t a t a c
1351 a g t a c t a g t c  a g t g c a a t a g  t g a c a g t a g t  a c t g t a t c a c  g a a g a t c g a g
1401 a t a c g a t c c a  c g c t a t g a g a  g t t a a t c t a t  c a t a c g t a t a  c t t c a a t g t c
1451 a t c a c a a g c g  t g a g t a c t t g  t a t c g c g t t g  ac ga caa g a c  t t t g t c t g t a
1501 c t c t c t g c g a  g a c c a t a t t a  c c g c g a c t c g  c g a g t g t c a g  a t a a g c c t a g
1551 t g t t c c g t c g  a a g g a g a t a c  gcgcacgaga g t t t g a t t g a  t a c a a t
<seqed ( i n c l u d e )  o f :  3. 4forwRC check:  123 from: 1 to:  261 <
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Figure 14. Best alignment of the sequence obtained from the 5’ end of the 1.3 Kb 
Hindlll/EroRI genomic DNA fragment phage #1 with that of the published 
sequence of the 3.3 Kb cDNA. The absence of sustained sequence homology 
suggests no sequence identity between these DNAs.
GAP of:  m26181.  gb__in check: 9 706  from: 1 to: 3336
LOCUS 0R00CR 3336  bp mRNA INV 2 5 - J A N - 1 9 9 1
D EFIN IT IO N 0. m e l a n o g a s t e r  o c to p a m in e  r e c e p t o r  mRNA. c o m p l e t e  cds
ACCESSION M60789 M26181
NID g 158002
KEYWORDS o c t o p a m in e  r e c e p t o r .
SOURCE 0. me I a n o g a s t e r  ( s t r a i n  Oregon R) a d u l t .  cDNA to  mRNA.
to: 1. 3 r e v  check:  2 4 8 8  from: 1 to:  264
Sequence r e a d  from 1. 3 H i n d i  
o f  o c t o p a m in e  r e c e p t o r  gene.
CompCheck: 6 8 7 6
I /EcoR 1  f r a g m e n t  o f  phage 1 (genomic  
u s in g  r e v e r s e  p r i m e r ,  g i v e n  5 t o  3 '
Gap Weight : 5. 000 A ve ra g e  Match: 1. 000
Le n g th  W eight : 0. 300 A ve ra g e  Mismatch: 0. 000
Qua I i ty: 97. 4 Length: 3336
Rat  i o: 0. 369 Gaps: 1
P e r c e n t  S i m i l a r i t y : 39. 015 P e r c e n t  I d e n t i t y : 39. 015
m 2 6 1 8 1 . g b _ in  x 1. 3 r e v May 24. 1996 1 6 :0 3
2851 CGCTCAAGATATGTAAGCAACTACTAAGCTAAATAATAACTTCCAAGAGA 2 9 0 0
II II I I
1 ....................................................................  t a c t a a a g c a g a c g g a a a g g t a g  23
2901 GAAACGTTTTCTAGGCATTACTTTAACGATTTGTATTTa Ya TGTACTTTA 2 9 5 0  
I I I  I I I I I I I  I I I I  I
24 g a t t c a g g g c a t t a g c a a t c t g g c a g c c c g a g g a g c g a a a a g g g g a a c a a  73
2 9 5 1 a t t g t a g g t a a a c g a t a a a c c a c t a t a c c t a a t g t a t a c t t t c a a a t a c ’g 3 0 0 0  
I I I  I I I I I I I I  I I I I I I I
74 c a t t t t t g c t g a a t g a a a a t g a a a g c c t c a a g t t g c t c c t t c c t t t t c c a  123
3001 CTTTGGACTATTTGTTAAAYAATTTAACGATTAATTGTTTTTATGGCATA 3 0 5 0  
I I I  I I  I I  I I I  I I I I I I M i l l
124 t t t t c a c a g a g t .  . t c a g t t t a t g a g c g g g t t a t t t t g a t t a a t g t t c c t  171
3051 GCAACTATTGTGTTGAGTGGGCAGCTTAAAGCTAGCACATCGAAACTTAC 3 1 0 0  
I I I I I I I I  I I I I I I I I I  I I I  I I I I I I I I
172 t c a a c t g g t g t a a c t g g t a g g c g g a c a a a a a g g a g c c g a t a g a a a a t t c a  221
3101 TTAAGGTAGATAAATGTTTAACTGCACGTYACGAAATGCAACAGAGTTGG 3 1 5 0  
I I I  I I I I I I I  I I I I I 
222  g c a a a g c t g g t a a g g a c t t a g t g g a t a g t g a a g t g t c a g g c g g .   2 6 4
58
Figure 15. Dotplot analysis of sequence read from 1.3 Kb Hindlll/EcoRI genomic 
DNA fragment of phage 1, using reverse primer, 5’ to 3’, x-axis, compared to 
published sequence of an octopamine/tyramine receptor gene cDNA, 5’ to 3’, y- 
axis. The variables used are a window of 21, a stringency of 14 and 14 points.
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i . 3 r = v  c k :  2 , 4 8 3 , 1 t o  264
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Figure 16. Best alignment of the sequence obtained from the 3’ end of the 1.3 Kb 
Hindlll/EcoRI genomic DNA fragment phage #1 with that of the published 
sequence of the 3.3. Kb cDNA. Underline indicates intronic sequence.
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GAP of:  m 2 6 1 8 1 . g b _ i n  check:  9 7 0 6  from: 1 to:  3336
LOCUS DROQCR 3336  bp mRNA INV 2 5 - J A N - 1 9 9 1
D E F IN IT IO N  0. me I a n o g a s t e r  o c t o p a m i n e  r e c e p t o r  mRNA. c o m p le t e  cds.
ACCESSION M60789 M26181
NID g 158002
KEYWORDS o c to p a m in e  r e c e p t o r .
SOURCE 0. m e la n o g a s t e r  ( s t r a i n  Oregon R) a d u l t .  cDNA to  mRNA.
to:  1. 3forwRC check:  9241 from: 1 to :  378
REVERSE-COMPLEMENT of :  1. 3 f o r w  check:  2 6 1 8  from: 1 to: 3 7 8
Seq uence  r e a d  from 1 .3  H i n d i  I I /  EcoRI  f r a g m e n t  o f  phage 1 (genomic!  
o f  o c t p a m i n e  r e c e p t o r  gene, u s i n g  f o r w a r d  p r i m e r ,  g i v e n  5 '  t o  3 '
CompCheck: 6876
Gap Weight:  5 . 0 0 0  A v e r a g e  Match: 1 .0 0 0
Leng th  Weight :  0 . 3 0 0  A v e r a g e  Mismatch:  0 . 0 0 0
Qua I i t y:  272. 4 Length :  3336
R a t i o :  0. 721 Gaps: 1
P e r c e n t  S i m i l a r i t y :  7 3 . 5 4 5  P e r c e n t  I d e n t i t y :  7 3 . 5 4 5
m26181. gb_ i  n x I. 3forwRC May 24.  1996 1 6 : 0 2  . .
51 CCACTCAGGCATATTCAAATGAAATGTGCCACAAAATGTTTACGGTCATT 100
I I I I I I I I I  I I I I I I I I
1 ............ aatacaatgccatctrrgtgcatggtt t ttnctctctgc 39
101 GCAACTCAAAGCGACAGACCATAGACGAGGTGCAAGGTGTTGTGGCAGTT 150  
I I  I I I I I I I I I I I I
40 g t n r q a t n r a g t t n n g t t a n g t a g g f - q g a a a t t t r g a c g n a g t t c c c g c g  89
151 GCAGAAAAACTAAAAGAAAGCCGTAAGGCTTGACCAAAAATTAATAACTG 2 0 0  
I I I I I I I I I I I I  I I I I I
90  t r r q q q r g q a g t g t t  gnng t  g n c n n t n n t f t g r t t t c a t r t r a n t .  t t t  137
201 ATAAAAGCAGAAATAAGTCAAAGAAGTCGGGGAAATCGCACTCAACGTCC 2 5 0  
I I I I I I I I I I I I I I I t I I I I I I I I I I I I I I I I I I I I I I I I I I I  I 
138 c c ± ± ± £ i g c a g a a a t a a g t c a a a g a a g t c g g g g a a a t c g c a c t c a a c g t c c  187
251 GCCTTTCCACCAAGACGCATGTAAACGCAACCGGAGCCCAAAGAAGGCAA 3 0 0  
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I  I I I I I I I I I I I I I  I I I I I I I 
188 g c c t t t c c a c c a a g a c g c a t g t a a a c g c a a c c g g a g c c c a a a g a a g g c a a  2 3 7
301 GTGGCAGGGCAGGGAAAGATGCCATCGGCAGATCAGATCCTGTTTGTAAA 3 5 0  
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I  I I I I I I I I I I I I I 
238  g t g g c a g g g c a g g g a a a g a t g c c a t c g g c a g a t c a g a t c c t g t t t g t a a a  2 8 7
351 TGTCACCACAACGGTGGCGGCGGCGGCTCTAACCGCTGCGGCCGCCGTCA 4 0 0  
I I I I I I I I I M I I I I I I I I I I I I I I I I I I I I  I I I I I I I I I I I I I I I I I I I 
288  t g t c a c c a c a a c g g t g g c g g c g g c g g c t c t a a c c g c t g c g g c c g c c g t c a  3 3 7
401 GCACCACAAAGTCCGGAAACGGCAACGCCGCACGGGGCTACACGGATTCG 4 5 0
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
338  g c a c c a c a a a g t c c g g a a a c g g c a c c g c c g c a c g g g c t a c a .....................  3 7 8
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Figure 17. Dotplot analysis of sequence read from 1.3 Kb Hindlll/EcoRI genomic 
DNA fragment of phage 1, using forward primer, 5’ to 3’, x-axis, compared to 
published sequence of an octopamine/tyramine receptor gene cDNA, 5’ to 3 \ y- 











3 fo rw R C  c k :  9 , 2  4 1 , i  t o  378
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Figure 18. Graphic depiction of the alignment of the 1.3 Kb Hindlll/EcoRI 
genomic fragment with the complete 3.3 Kb octopamine/tyramine receptor gene 










Figure 19. Best alignment of the sequence obtained from the 5’ end of the 1.0 Kb 
EcoRI genomic DNA fragment phage #1 with that of the published sequence of 
the 3.3 Kb cDNA. Underline indicates intronic sequence.
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L en g th  Weight :  0 . 3 0 0
Qua I i ty :  213.  4
R at  i o: 0. 834
A ve ra g e  Match: 1. 0 0 0
A ve rag e  Mismatch:  0 . 0 0 0
Length:  3 3 3 6
Gaps: 1
P e r c e n t  I d e n t i t y :  85. 5 4 7P e r c e n t  Si mi l a r i t y :  85. 547




451 g a t g a c g a t g c g g g c a t g g ’g a a c g g a g g c g g t g g c t a a c a t a t c c g g c t c  500  
11111111111111I I1111111111111111111111111111111111 
3 g a t g a c g a t g c g g g c a t g g g a a c g g a g g c g g t g g c t a a c a t a t c c g g c t c  52
501 g c t g g t g g a g g g c c t g a c c ' a c c g t t a c c g c g g c a t t g a g ’t a c g g c t c a g ’g 550  
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
53 g c t g g t g g a g g g c c t g a c c a c c g t t a c c g c g g c a t t g a g t a c g g c t c a g g  102
551 CGGACAAGGACTCAGCGGGAGAATGCGAAGGAGCTGTGGAGGAGCTGCAT 600  
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
103 c g g a c a a g g a c t c a g c g g g a g a a t g c g a a g g a g c t g t g g a g g a g c t g c a t  152
601 GCCAGCATCCTGGGCCTCCAGCTGGCTGTGCCGGAGTGGGAGGCCCTTCT 650  
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
153 g c c a g c a t c c t g g g c c t c c a g c t g g c t g t g c c g g a g t g g g a g g .  . g t a a t  200
651 c a c c g c c c t 'g g t t c t c t c g g t c a t t a t c g 't g c t g a c c a t 'c a t c g g g a a c a  700  
I I I  I I I  I I  I I  I I I I I I I  I I I
201 n n g r n r n n t g n t a g t n t t t f r n t t f t r a t t n r t n n t n n t a a r g g a t a g c t  250
701 TCCTGGTGATTCTGAGTGTGTTCACCTACAAGCCGCTGCGCATCGTCCAG 750  
I I
251 t r t g e r . ..............................................................................................................  256
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Figure 20. Dotplot analysis of sequence read from genomic 1.0 Kb EcoRI 
genomic DNA fragment of phage 1, using forward primer, 5’ to 3’. x-axis, 
compared to published sequence of an octopamine/tyramine receptor gene 
cDNA, 5’ to 3’, y-axis. The variables used are a window of 21, a stringency of 14 
and 14 points.
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Figure 21. Best alignment of the sequence obtained from the 3’ end of the 1.0 Kb 
Hindlll/EcoRI genomic DNA fragment phage #1 with that of the published 
sequence of the 3.3 Kb cDNA. Underline indicates intronic sequence.
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Gaps: 2
P e r c e n t  I d e n t i t y :  9 2 . 6 0 4
m 2 6 1 8 1 . g b _ i n  x 1. OrevRC May 24. 1996 16:01
601 GCCAGCATCCTGGGCCTCCAGCTGGCTGTGCCGGAGTGGGAGGCCCTTCT 6 5 0  II I I  I I I I I I I I I I I I I I I
1 ................ngrt_nt  a g t g t  n n g r t  r t n c t r t t r n H n  n r t n g g r r r t  t r t  42
651 CACCGCCCTGGTTCTCTCGGTCATTATCGTGCTGACCATCATCGGGAACA 7 0 0  
I I I I I I I I I I I I I I I I I I I ( I  I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
43 c a c c g c c c t g g t t c t c t c g g t c a t t a t c g t g c t g a c c a t c a t c g g g a a c a  9 2
701 TCCTGGTGATTCTGAGTGTGTTCACCTACAAGCCGCTGCGCATCGTCCAG 7 5 0  
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
93  t c c t g g t g a t t c t g a g t g t g t t c a c c t a c a a g c c g c t g c g c a t c g t c c a g  142
751 AACTTCTTCATAGTTTCGCTGGCGGTGGCCGATCTCACGGTGGCCCTTCV 8 0 0  I I I I I I I I I I I I I I I II I I (I I I I I I I I I I I I I I I I I I I I I I I I I I I I 1 I
143 a a c t t c t t c a t a g t t t c g c t g g c g g t g g c c g a t c t c a c g g t g g c c c t t c t  192
801 GGTGCTGCCCTTCAACG. TGGCTTACTCGATCCTGGGGCGCTGGGAGTTC 8 4 9  I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I
193 g g t g c t g c c c t t c a a c g t t g g c t t a c t c g a t c c t g g g g c g c t g g g a g t t c  2 4 2
8 5 0  GGCATCCACCTGTGCAAGcV g TGGCTCACCTGCGACGTGCTGTGCTGCAC 8 9 9  I I I I I I I I I I 1 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I
2 4 3  g g c a t c c a c c t g t g c a a g c t g t g g c t c a c c t g c g a c g t g c t g g t c t g c a c  2 9 2
9 0 0  TAGCTCCATCCTGAACCTGTGTGCCATAGCCCTCGACCGGTACTGGGCCA 9 4 9  
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I II I I I I II I 1 I I I
293  t a g c t c c a t c c t g a a c c t g t g t g c c a t a g c c c t c g a c c g g t a c t g g g .  . . 3 3 9
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Figure 22. Dotplot analysis of sequence read from genomic 1. 0  Kb EcoRI 
genomic DNA fragment of phage 1, using reverse primer, 5’ to 3’ using reverse 
complement, x-axis, compared to published sequence of an octopamine/tyramine 
receptor gene cDNA, 5’ to 3’, y-axis. The variables used are a window of 2 1 , a 
stringency of 14 and 14 points.
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Figure 23. Graphical depiction of the alignment of the 1.0 Kb EcoRI genomic 
DNA fragment of phage 1 with the 3.3 Kb octopamine/tyramine receptor cDNA 
and 2.2 Kb open reading frame for octopamine/tyramine receptor. The 
parenthetic EcoRI site indicated originated from the linker in the phage clone, but 
the other EcoRI site indicated is not present in the 2.2 Kb cDNA map and is a 



























Figure 24. Best alignment of the sequence obtained from the 5’ end of the 3.4 Kb 
Hindlll/EcoRI genomic DNA fragment phage #10 with that of the published 
sequence of the 3.3 Kb cDNA.
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CompCheck: 6 876
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L e n g th  Weight: 0. 3 0 0 Average  Mismatch: 0. 000
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P e r c e n t  Simi I a r i t y : 40. 816 P e r c e n t  I d e n t i t y : 40. 816
m26181. g b _ in  x 3. 4 r e v  May 24. 1996 16: 04
3101 TTAAGGTAGATAAATGTTTAACTGCACGTTACGAAATGCAACAGAGTTGG 3 1 5 0
I I  I I I I I I I I  
1 ..............................................................................  t g c a c a g c a a t c g g c t t g c  19
3151 CGAAAGGACGTAATTCAATGGATGTGTTAACTCAAGTACATGCTATATCG 3 2 0 0  
I I I I I I I I I I I I I I I I I I I
2 0  a t a a g a g a g g t t a c t a g c t g t a g c t a c a a g a g c g c a g a t t a t g c a g a t c a  69
3201 TAAATGTATATCACAATTTATGTCTTTTAACGACGATGTACGATAGTTTC 3 2 5 0
II I I I I I I I I I 
70 a g c a t a c t c a t c a t g c c t c a c g t c g a c a c .....................................................  98
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Figure 25. Dotplot analysis of sequence read from 3.4 Kb EcoRI/Hindlll genomic 
DNA fragment of phage 10, using reverse primer, 5’ to 3 \ x-axis, compared to 
published sequence of an octopamine/tyramine receptor gene cDNA, 5’ to 3’, y- 
axis. The variables used are a window of 2 1 , a stringency of 14 and 14 points.
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Figure 26. Best alignment of the sequence obtained from the 3’ end of the 3.4 Kb 
Hindlll/EcoRI genomic DNA fragment phage #10 with that of the published 
sequence of the 3.3 Kb cDNA. The absence of any blocks of sequence identity 
indicated an absence of homology between these sequences.
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0. me I a n o g a s t e r  ( s t r a i n  Oregon R) a d u l t .  cDNA t o  mRNA.
to:  3. 4 forwRC check:  123 from: to:  261
REVERSE-COMPLEMENT of:  3. 4 f o r w  check:  8 3 8 3  from: 1 to:  261
Sequence  r e a d  from 3 . 4  H i n d l l l  f ra g m e n t  o f  ph ag e  10 (genomic)  o f  
o c t o p a m i n e  r e c e p t o r  gene, u s i n g  f o r w a r d  p r i m e r ,  g i v e n  5 '  t o  3 ’
CompCheck: 6 8 7 6
Gaa We i ght:  
L en g th  W eig ht :
5. 000  
0. 300
Qua I i ty :  95. 2
R at  i o: 0. 365
P e r c e n t  Simi l a r i t y :  41. 634
A ve rag e  Match: 1. 0 0 0
A verag e  Mismatch:  0 . 0 0 0
Length :  3 3 40
Gaps: 2
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3001 CTTTGGACTATTTGTTAAATAATTTAACGATTAATTGTTTTTATGGCATA 3 0 5 0  
1 1 1  I I I I I I I I I I I I I I I
1 . . t a g a t c a t g c t a t a c a g t a c t a g t c a g t g c a a t a g t g a c a g t a g t a c t  48
3051 GCAACTATTGTGTTGAGTGGGCAGCTTAAAGCTAGCACATCGAAACTTAC 3 1 0 0  
I I I  I I I I I I I I I I I I I I I I I I
49  g t a t c a c g a a g a t c g a .  . g a t a c g a t c c a c g c t a t g a g a g t t a a t c t a t c  96
3101 TTAAGGTAGATAAATGTTTAACTGCACGTTACGAAATGCAACAGAGTTGG 3 1 5 0  
I I I  I I  I I I  I I I I I I I I I I I
97  a t a c g t a t a c t t c a a t g t c a t c a c a a g c g t g a g t a c t t g t a t c g c g t t g a  146
3151 CGAAAGGACGTAATTCAATGGATGTGTTAACTCAAGTACATGCTATATCG 3 2 0 0  
I I I I I I I I I I I I I I I I  I I I
147 c g a c a a g a c t t t g t c t g t a c t c t c t g c g a g a c c a t a t t a c c g c g a c t c g c  196
3201 TAAATGTATATCACAATTTATGTCTTTTAACGACGAT. . ! . GTACGATAG 3 2 4 6  
I I I I I I I I I I I I I I I I I I I I I
197 g a g t g t c a g a t a a g c c t a g t g t t c c g t c g a a g g a g a t a c g c g c a c g a g a g  246
3 2 4 7  TTTCACTAATTATATTGTTTAACGAGAAAGAGCGAGCAAAGCGTAAATGA 3 2 9 6  
I I I I I I I II
2 4 7  t t t g a t t g a t a c a a t ............................................................................................ 261
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Figure 27. Dotplot analysis of sequence read from 3.4 Kb EcoRI/Hindlll genomic 
DNA fragment of phage 10, using forward primer, 5’ to 3’, using reverse- 
complement, x-axis, compared to published sequence of an octopamine/tyramine 
receptor gene cDNA, 5’ to 3’, y-axis. The variables used are a window of 21, a 
stringency of 14 and 14 points.
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3 . 4 f o r w R C  c k :  1 2 3 ,  1  t o  2 6 1
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Figure 28. Dotpiot composition of 1.0 Kb EcoRI genomic DNA fragment, 1.3 Kb 
Hindlll/EcoRI genomic DNA fragment, and 3.4 Kb Hindlll/EcoRI genomic DNA 
fragment sequences aligned from 5’ to 3’ compared with published sequence of 
octopamine/tyramine receptor gene cDNA, 5’ to 3’. The variables used are a 
window of 2 1 , a stringency of 14 and 14 points.
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k s l . s e c r  ck :  9 , 9 5 7 ,  I  1 , 59 6
8 6
Figure 29. Graphical depiction of the relationship between genomic (hash- 
marked boxes) sequence and cDNA sequence at the octopamine/tyramine 
receptor gene. The red rectangle is genomic sequence homologous to the 3.3 Kb 
cDNA (solid black line) clone and 2.2 cDNA (checkered black and white line) 
subclone of the octopamine/tyramine receptor gene. The lines running from the 













































D IS C U S S IO N
The investigations presented in this thesis have brought new insights into 
the structure of the octopamine/tyramine receptor gene. Sequence analysis of 
the three genomic DNA subclones obtained has played a key role in 
characterizing the transcriptional structure of the octopamine/tyramine receptor 
gene.
The subcloning and analysis of the 1.0 Kb EcoR! genomic DNA fragment 
of phage #1 has been instrumental in defining the 5’ to 3’ orientation of the 
octopamine/tyramine receptor gene. Although a restriction enzyme analysis of 
the 1.0 Kb genomic DNA fragment was done to determine if its restriction sites 
were like that of the 2.2 Kb cDNA subclone, the digests did not yield fragments 
that matched those of the 2.2 Kb cDNA subcione. After this fragment was 
sequenced 256 bp in from the 5’ end, 193 bp were found to be homologous to 
the 5’ side of the 2.2 Kb cDNA while 63 bp did not have any homology (Figure 
19). When this 1.0 Kb fragment was sequenced 339 bp in from its 3’ end, 306 
were identical to those in the 2.2 Kb cDNA, while 33 bp had no homology. From 
this information it was determined that: (1 ) the fragment being examined really 
was the 1.0 Kb genomic DNA fragment and not just an artifact, (2) the 
orientation of the 2.2 Kb cDNA subclone must be 5’ to 3’ relative to the genomic 
clones, (3) the promoter region (which most likely is located 5’ upstream from 
the sequence reported in the 3.3 Kb cDNA) is likely to be within the genomic 
DNA fragments lying to the left of the 1.4 Kb EcoRI/Hindlll genomic fragment 
shown in Figure 29, (4) the poly adenylation site is likely to be located in the 
fragments lying to the right of the 1.4 Kb EcoRI/Hindlll genomic fragment shown
89
in Figure 29, (5) the primary mRNA transcribed from the region of the 1.0 Kb 
EcoRI genomic DNA fragment of phage #1 has an intron of approximately 400 
bp.
While Southern blot analysis revealed homology between the 2.2 Kb 
homology and the 3.4 EcoRI/Hindlll genomic DNA fragment of phage #10, 
sequence analysis of the ends of the 3.4 Kb clone revealed no sequence 
identity to the 3.3 Kb cDNA. One explanation for this result is that intronic 
sequences lie at the 5’ end of this fragment while untranscribed sequences 3’ to 
the poly-A addition site lie at the 3’ end of this region, leaving only central 
regions with homology to the cDNA. This possibility could be explored by 
additional sequence or Southern blot analysis.
Analysis of the 1.3 Kb and 3.4 Kb EcoRI/Hindlll genomic DNA fragments 
of phage # 1  and # 1 0 , respectively, further defined the transcriptional structure of 
this gene. The 1.3 Kb fragment’s sequence homology to the 3.3 Kb cDNA 
indicated that it lies directly 5’ to the 1.0 Kb EcoRI fragment of phage # 1  (Figure 
16 and 19) and that, if there are no large introns in the 5’ region of the gene, it 
may even contain some of the promoter region of this gene. Like the 1.0 Kb 
fragment, it contains intronic sequence, 232 bp 5’ from its 3’ end with a splice- 
site consensus sequence. As the 5’ end of this 1.3 Kb fragment has no 
homologly to the 3.3 Kb cDNA, it may be that there is a large intron in this 
region. Alternatively, there may be a smaller intron, and the 5’ end of this clone 
may be nearby the promoter of this gene. Further sequence analysis would be 
useful to distinguish between these alternatives.
The characterization of the transcriptional structure of the 
octopamine/tyramine receptor gene determined thus far is diagramed in Figure
90
29. The cubes with hash marks illustrate the sequence obtained from the 
genomic DNA subclones and locations of their homology to the 3.3 cDNA clone 
(bold, black line), and the 2.2 Kb cDNA subclone (checkered line) containing 
the open reading frame of the octopamine/tyramine receptor gene. The red 
rectangle defines where Drosophila genomic DNA and octopamine/tyramine 
receptor gene cDNA sequence have been determined and aligned. Intronic 
sequence appearing in the primary mRNA has been positioned relative to the 
genomic DNA and cDNA. The vicinities of the promoter and poly-A addition site 
are also illustrated.
Still more can be ascertained from further analysis of materials obtained 
during this thesis project. The complete sequence of the genomic DNA 
subclones obtained in this effort would be very helpful in determining exact 
locations of the promoter region and poly adenylation site(s) and would 
determine the location of other introns, if they exist. More ligations and 
transformations need to be done in order to obtain flanking genomic DNA 
subclones for comparison to the cDNA. As indicated above, some of the 
locations of genomic subclone homology to the cDNA could also be determined 
by Southern blot analysis. PCR analysis of genomic DNA fragments compared 
to RT-PCR analysis of mRNA, in conjunction with DNA sequencing may yield 
additional, precise information on intron/exon boundaries. These techniques 
and others may be helpful to further characterize the transcriptional structure 
and regulation of the octopamine/tyramine receptor gene.
91
REFERENCES
Arakawa, S., Gocayne, J., McCombie, W., Urquhart, D., Hall, L., Fraser, C. and 
Venter, J. 1990. Cloning, localization, and permanent expression of a 
Drosophila octopamine receptor. Neuron 2: 343-354.
Ausubel, F., Brent, R., Kingston, R., Moore, D., Siedman, J., Smith, J., and
Struhl, K. 1992. Short Protocols in Molecular Biology. John Wiley and 
Sons, New York.
Bicker, G. and Menzel, R. 1989. Chemical codes for the control of behavior in 
arthropods. Nature. 337: 33-39.
Birnbaumer, L, Abramowitz, J., and Brown, A. 1990. Receptor-effector 
coupling by G-proteins. Biochem. Biophys. Acta. 1031: 163-224.
Bourne, H., Sanders, D., and McCormick, F. 1990. The GTPase superfamily: 
conserved structure and molecular mechanism. Nature. 349: 117-127.
Bourne, H., Sanders, D., and McCormick, F. 1990. The GTPase superfamily: a 
conserved switch for diverse cell functions. Nature. 348: 125-132.
Braun, G. and Bicker, G. 1992. Habituation of an appetite reflex in the 
honeybee. J. Neurophysiology. 67: 588-598.
Bray, D. 1990. Intracellular signalling as a parallel distributed process. J. 
Theor. Biol. 143: 215-231.
Csaba, G. 1980. Phylogeny and ontogeny of hormone receptors: the selection 
theory of receptor formation and hormonal imprinting. Biol. Rev. 55: 47- 
63.
Dixon, R., Kobilka, B., Strader, D., Benovic, J., Dohlman, H., Frielle, T.,
Bolanowski, M., Bennett, C., Rands, E., Diehl, R., Mumford, R., Slater, E., 
Sigal, I., Caron, M., Lefkowitz, R., and Strader, C. 1986. Cloning of the 
gene and cDNA for mammalian 8 -adrenergic receptor and homology 
with rhodopsin. Nature. 321: 75-79.
Dohlman, H., Bouvier, M., Benovic, J., Caron, M., and Lefkowitz, R. 1987a. The 
multiple transmembrane spanning topography of the 8 3  adrenergic 
receptor. Biol. Chem. 262: 14282-14288.
92
Dohlman, H., Caron, M., and Letkowitz, R. 1987b. A family of receptors coupled 
to guanine nucleotide regulatory proteins. Biochemistry. 26: 2657- 
2664.
Dohlman, H., Thorner, J., Caron, M., and Letkowitz, R. 1991. Model system for 
the study of seven-transmembrane segment receptors. Ann. Rev. Broch. 
60: 653-688.
Donnelly, D., Johnson, M., Blundell, T., and Saunders, J. 1989. An analysis of 
the periodicity of conserved residues in sequence alignment of G-protein 
coupled receptors. Implications for the three-dimensional structure.
FEBS. 251: 109-116.
Downer, R. Orr, G., Gole, J., and Orchard, I. 1984. The role of octopamine and 
cyclic AMP in regulating hormone release from corpora cardiaea of the 
American cockroach. J. Insect Physiol. 30: 457-462.
Dudai, Y., Buxbaum, J., Cortus, G., and Ofarim, M. 1987. Formamidines interact 
with D. melanogaster octopamine receptors, alter the flies' behavior and 
reduce their learning ability. J. Comp. Physiol. A161: 739-746.
Evans, P. 1980. Biogenic amines in the insect nervous system. Adv. Insect 
Physiol. 15: 317-473.
Fargin, A., Raymond, J., Lohse, M., Kobilka, B., Caron, M., and Lefkowitz, R.
1988. The genomic clone G-21 which resembles a 8-adrenergic 
receptor sequence encodes the HT1A receptor. Nature. 335: 358-360.
Fields, P. and Woodring, J. 1991. Octopamine mobilization of lipids and
carbohydrates in the house cricket, Acheta domesticus. J. Insect Physiol. 
37: 193-199.
Gershenfeld, H. 1973. Chemical transmission in invertebrate central nervous 
systems and neuromuscular junctions. Physiol. Rev. 53: 1-119.
Hanahan, D. 1985. In DNA Cloning Volume I - A Practical Approach (ed.
Glover, D.M.) Oxford: IRL Press Ltd. 109.
Hidoh, O. and Fukami, J. 1987. Presynaptic modulation by octopamine at a 
single neuromuscular junction in the mealworm (Tenebrie moiitoi). J. 
Neurobiol. 18: 315-326.
Hoyle, G. 1984. Neuromuscular transmission in a primitive insert: Modulation 
by octopamine and catch-like tension. Comp. Biochem. Physiol. 77C: 
219-232.
93
Hoyle, G., Coquhoun, W., and Williams, W. 1980. Fine structure of an
octopaminergic neuron and its terminals. J. Neurobiol. 11: 103-126.
Kandel, E., Schwartz, J., and Jessei, T. 1991. Principles o f Neural Science 
3rd ed. New York: Eiserier Science Publishing Co., Inc. 173-192.
Kaziro, X., Itoh, H., Kozasa, T., Nakafuku, M., and Satoh, T. 1991. Structure and 
function of signal-transducing GTP-binding proteins. Annv. Rev.
Biochem. 60: 349-400.
Kubo, T., Fukuda, K., Mikami, A., Maeda, A., Takahashi, H., Mishina, M., Haga,
T., Gaga, K., Ichiyama, A., Kangawa, K., Kojima, M., Matsuo, H., Hirose,
T., and Numa, S. 1986. Cloning, sequencing and expression of 
complementary DNA encoding the muscarinic acetylcholine receptor. 
Nature 323: 411-416.
Libert, F., Parmentier, M., Lefort, A., Dinsart, C., Van Sande, J., Maenhart C., 
Simons, M., Dumont, J., and Vassart, G. 1989. Selective amplification 
and cloning of four new members of the G-protein coupled receptor 
family. Science 244: 569-572.
Lodish, H., Baltimore, D.f Berk, A., Zipursky, S., Matsudaira, P., and Darnell, J. 
1995. Molecular Cell Biology 3rd ed. New York: Scientific American 
Books, Inc. 576-579.
Long, T. and Murdock, L. 1983. Stimulation of bow fly feeding behavior by 
octopaminergic drugs. Proc. Natl. Acad. Sci. U.S.A. 80: 4159-4163.
Malamud, J., Mizism, A., and Josephson, R. 1988. The effects of octopamine 
on contraction kinetics and power output of a locust flight muscle. J. 
Comp. Physiol. A162: 827-835.
Nathanson, J. 1979. Octopamine receptors, adenosine 3’, 5’-monophosphate, 
and neural control of firefly flashing. Science 203: 65-68.
O'Dowd, B., Lefkowitz, R., and Caron, M. 1989. Structure of the adrenergic and 
related receptors. Ann. Rev. Neurosci. 12: 67-83.
Robertson, H. and Juorio, A. 1976. Int. Rev. Neurobiol. 19: 173-224.
Sambrook, J., Fritsch, E., and Maniatis, T. 1989. Molecular Cloning: A
Laboratory Manual. New York: Cold Spring Harbor Laboratory Press.
Sandov, F., Amlaiky, N., Plassat, L., Borrelli, E., and Hen, R. 1990. Cloning and 
characterization of a Drosophila tyromine receptor. EMBO J. 9,11: 3611- 
3617.
94
Sombati, S. and Hoyle, G. 1984. Generation of specific behavior in a locust by 
local release into neuropil of the natural neuromodulator octopamine. J. 
Neurobiol. 15: 481-506.
Strader, C., Sigal, I., and Dixon, R. 1989. Structural basis of 3-adrenergic 
receptor function. FASEB J. 3: 1825-1832.
Strange, P. 1990. Aspects of the structure of the 8 2  dopamine receptors. TINS 
13: 373-378.
Vernier, P., Philippe, H., Samama, P., and Mallet, J. 1993. Bioamine receptors: 
Evolutionary and functional variations of a structural leitmotiv. In Pichon, 
Y. (ed.). Comparative Molecular Neurobiology. Switzerland: Birkhauser 
Verlag Basel. 297-337.
